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Original Communications 


THE EFFECT OF ADRENAL CORTICAL HORMONES IN 
HEMORRHAGE AND SHOCKS 


Jacob Fike, ]\I.D., Joseph Fischmakx, M.D., and Howard A. Fk,vnk, 

M.D., Boston, Mass. 

(From, the Surgical Research Laioratory of the Beth Israel Bospital, and the Depart- 
ment of Surgery, Harvard Medical School) 

I N A NUMBER of recent publications''^ a favorable influence on sec- 
ondary shock has been claimed for the adrenal cortical hormones. In 
our view the validity of such claims can be judged best in terms of the 
abilitj' of these hormones to correct a quantitative deficiency in the vol- 
ume of circulating plasma, as this is the most characteristic objective 
feature of shock. Although measurements of plasma volume may not 
be valid during the actual state of shock, information of value in this 
respect is obtainable during hemorrhage before the onset of shock and 
while plasma volume determinations are still reliable. The purpose 
of this communication is to report our observations on the effect of the 
adrenal cortical hormones, first, on the circulating plasma volume in 
hemorrhage before the onset of shock, and second, on the blood pressure 
curve and survival time following the onset of shock due to hemorrhage. 


THE INFLUENCE OF ADRENAL CORTICAL HOKHO^^ES ON THE CIRCULATING 
PLAS5IA VOLUJtE AND PLASJIA PROTEIN IN HEJIORRHAGE 


1. Massive Hemorrhage Without. Producing Shock . — The volume of 
circulating plasma and the total plasma protein of normal unanesthetized 
dogs, deprived of food, but not water, for the preceding twentj’-four 
hours was determined by the Evans’ blue dye and specific gravity 
methods respectively.^- « They then were bled over a period of ten to 
twenty minutes (by needle puncture of the jugular vein or the femoral 
artery) of some 30 to 40 per cent of their estimatedf blood volume. 
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SURGERY 


Shock did not result. The dogs remained active and frisked about, ap- 
parently unharmed hy the massive hemorrhage. Four hours later the 
circulating plasma A’olume and total plasma protein were again de- 
termined. From these data the compensatory mobilization' of fluid and 
protein from extravascular depots was then calculated. 

Such observations were made in eight different groups of dogs as 
shoM’n in the accompanying tables (Tables I and II). 

A. The Mohilization of Fluid: Fh'e control dogs (Group I) regained 
an average of 53 per cent of the plasma volume lost. Eight dogs 
(Group II) in which cortin® was injected intravenously immediately 
after the hemorrhage, in doses varying from 2 c.c. to 10 c.c. (100-500 
dog units) , regained an average of 67 per cent of the plasma volume lost. 
Four dogs (Group III) receiving 150 c.c. of physiologic saline solution 
distributed widely in the subcutaneous tissues immediately after the 
hemorrhage, regained an average of 79 per cent of the plasma volume 
lost. Seven dogs (Group IV) were given cortin, as in Group II, to- 
gether with saline solution, as in Group III. The return of lost plasma 
volume to the circulation averaged 90 per cent. Four dogs (Group V) 
were given 150 c.c. of plasma subcutaneously, distributed widely as was 
the saline solution in Group III. The compensatory plasma return aver- 
aged 68 per cent. In five dogs (Group VI) which were given cortin, 
as in Group II, and plasma, as in Group V, the compensatory plasma 
return averaged 81 per cent. 

From an analysis of the data in Table It it appears that cortin does 
not effect a better mobilization of extravascular fluid than will occur 
without it. The presence of an intei'stitial reservoir of saline solution 
by itself vdll achieve as much. However, when cortin and saline solution 
are provided together, the advantage is substantial in that almost all of 
the lost plasma volume is replaced Avithin the four-hour period. 

Following massive hemorrhage Avhich does not result in shock, a 
certain usefulness therefore may be claimed for cortin if ph.ysiologic 
saline solution is provided subcutaneously. 

Three dogs (Group VII) Avhich were given 10 to 15 mg. of desoxy- 
cortico.sterone acetatef intravenously, instead of cortin, mobilized an 
average of 69 per cent of the plasma volume AvithdraAvn. Five dogs 
(Group VIII) A\diich received the desoxycorticosterone acetate and saline 
solution, as in Group HI, mobilized an average of 75 per cent, Avhieh 
Avas about the same as Avhen saline solution alone Avas given. 

From the data in Table I it appeare that desoxycorticosterone acetate 
exerts no significant effect on the mobilization of fluid into the blood 
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stream after liemorrhage Avhicli does not result in shock, whether or 
not an intei-stitial reservoir of saline solution is provided. 

Three of the five control dogs (Group I) died within twenty-four 
hours, whereas all other animals, except one in Group IV which had 
been bled on a previous occasion, survived. This does not prove that the 
hormones possess any special virtue under the conditions of these ex- 
periments because those dogs receiving saline solution alone or plasma 
alone also survived. 

Comment. One of the difficulties in a comparative evaluation of the 
results of different investigators arises from marked differences in the 
dosages of the hormones utilized. For example, Weil, Rose, and 
Browne^ gave rats 10 c.e. of eortin plus 10 mg. of desoxycorticosterone 
acetate before and 10 c.e. of eortin plus 10 mg. of desoxycorticosterone 
acetate after trauma. Our doses, which in proportion to body weight 
were only a small fraction of these, approximate effective physiologic 
dosages much more eloselj' and are, therefore, more consistent with 
practical therapeusis. There was, however, no noticeable difference in 
the effect between the smallest and largest dosages which we utilized. 

B. The Mobilization of Protein : Table II shows the average per cent 
of the circulating plasma protein lost by hemorrhage which was regained 
in the subsequent period of four hours, as follows: Group I (control), 
30 per cent; Group II (eortin), 30 per cent; Group III (saline solution), 
27 per cent; Group IV (eortin plus saline solution), 46 per cent; Group 
V (plasma), 32 per cent; Group VI (eortin plus plasma), 62 per cent; 
Group VII (desoxycorticosterone acetate), 24 per cent, and Group VIII 
(desoxycorticosterone plus saline solution), 31 per cent. 

Cortin alone, therefore, seems unable to produce any favorable effect 
on the compensatory mobilization of lost plasma proteins. Saline solu- 
tion alone likewise offers no advantage in this respect. The value of 
coi’tin plus saline solution is doubtful. But cortin plus plasma achieves 
an appreciable result. Desoxycorticosterone acetate is wholly ineffective, 
whether given alone, with saline solution or, as in one unlisted experi- 
ment, with plasma. 

CoMJiENT. The mobilization of protein by cortin is presumably de- 
pendent, in some degree at least, on the amount of protein available in 
reserve depots, because the cortin was inactive until an extra supply 
of plasma was pro\'ided. An extra supply of saline solution or of plasma 
alone in the four-hour period of observation did not succeed in adding 
protein to the circulation. 

The ratio between the amount of protein mobilized and the volume 
of plasma fluid mobilized varied widely in all groups (except Groups 
D and VI, in which the individual ratios showed less disparity) . Per- 
haps this is an indication of a considerable variation in the amount of 
plasma protein in reserve, which is to be expected among laboratory 
animals whose nutritional status varies widely. 
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Table I 


Effect of Adrenal Cortical Hormones on Plasma Volume Eecotory Foim Hours 
After Massive Hemorrhage in Normal Hnanesthetized Dogs 


GROUP 

NO. 

HORMONE 

(with or without 

PARENTERAL FLUID) 

DOSE OF 

HORMONE 

ORIGINAL 

PLASMA 

VOLUME 

AVITHDRAWN 

(%) 

LOST 

PLASMA 

VOLUME 

MOBILIZED 

(%) 

I 

No lioimone; no parenteral 

- 

33 



fluid 

- 

43 




- 

37 




- 

44 




- 

31 





Average 

53 

n 

Cortin; no parenteral fluid 

2 c.c. 

35 

88 



2 c.c. 

40 

44 



2 c.c. 

41 

60 



2 c.c. 

39 

55 



2 c.c. 

20 

43 



2 c.c. 

38 

77 



4 c.c. 

35 

90 



10 c.c. 

36 

03 




Average 

67 

III 

No liormoue; subcutaneous 

- 

24 

72 


saline solution 

- 

28 




- 

41 

54 



- 

33 

71 




Average 

79 

IV 

Coitin and subcutaneous sa- 

2 c.c. 

30 1 

118 


line solution 

2 c.c. 


114 



2 c.c. 

40 




10 c.c. 

38 

83 



10 c.c. 

43 

84 



10 c.c. 

30 

74 



10 c.c. 

40 

77 




Average 


V 

No hormone ; subcutaneous 

- 

32 

32 


plasma 

- 

35 

80 



- 

40 

72 




39 

87 


Average 08 


VI 

Cortin and subcutaneous 
plasma 

2 c.c. 

2 c.c. 

10 c.c. 

10 c.c. 

10 c.c. 


■■ 




Average 




^1 


IMI 





BHQHHI 

VIII 

De.soxycorticosterone ace- 
tate; .subcutaneous saline 
solution 

10 mg. 

10 mg. 

10 mg. 

15 mg. 

15 mg. 

34 

.3.5 

.38 

.30 

.35 

HI 

09 

78 

45 

100 

• 



Average 

i ,) 


rage 
























PINE ET AL.; ADRENAL CORTICAL SORJIONES 


5 


Table U 


Effect op Adkenal Cortical Hormones on Plasma Protein Hecotert Poor Hodrs 
After Massu'e Hemorrhage in Normal Unanesthetized Dogs 


GROUP 

KO. 

hormone 

(with or without paren- 
teral fluid) 

DOSE OF 

HORMONE 

ORIGINAL 

PLASMA 

PROTEIN 

WITHDEAM'N 

(%) 

1 LOST 

PLASMA 

PROTEIN 

mobilized 

(%) 

I 

No hormone; no parenteral 

- 

33- 

27 


fluid 

- 

43 

26 



_ 

37 

16 




44 

34 



- 

31 

51 

on 


Average 30 


II 

Cortin; no parenteral fluid 

2 c.c. 

2 c.c. 

2 c.c. 

2 c.c. 

2 c.c. 

2 c.c. 

4 c.c. 

10 c.c. 

35 

40 

41 

39 

26 

38 

35 

36 

38 

22 

36 

32 

1.7 

39 

50 

21 




Average 


in 

No hormone ; subcutaneous 


24 

0 


saline solution 

- 

28 

69 



- 

41 

21 



- 

33 

19 




Average 

27 

rv 

Cortin and subcutaneous sa- 

2 c.c. 

36 

76 


line solution 

2 c.c. 


48 



2 c.c. 

46 




10 c.c. 

38 

46 



10 c.c. 

43 




10 c.c. 

36 




10 c.c. 

40 

21 




Average 

46 

V 

No hormone; subcutaneous 

- 

32 

5 


plasma 

- 

35 

36 



- 

40 

32 



- 

39 

55 




Average 

32 

VI 

Cortin and subcutaneous 


44 



plasma 


39 

27 



10 c.c. 

42 

67 



10 c.c. 

26 

48 



10 c.c. 

37 

69 




Average 

62 


Desoxycorticosterone ace- 

10 mg. 

35 

29 

VII 

tate; no parenteral fluid 

15 mg. 

37 

15 



15 mg. 

31 

28 




Average 

24 

VIII 

1 Desoxycorticosterone ace- 

" H 

34 



tate; subcutaneous saline 


35 

1 19 



IE ” H 

38 





30 

14 



bSS ^ 

35 

41 


Average 


31 
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2. Massive Hemorrhage Producing Shock . — If the hormones are to 
be regarded as effective therapeutic agents in siiock, tJieir beneficial 
action should be demonstrable when hemorrhage or any other trauma 
has resulted in a state of shock, for in this state there is a far greater 



O^HOUflS 2 ^ b e 

0>Sm9> otDatoxyctftiootttron* Anlolt hlrovinouily 
Flgurn In^Rtprtwnf /SotOrljInol Blood Vokimo WlUidrown 
FIp. 1. 

need for compensation Ilian is the case under tlie conditions deserilied 
in the preceding experiments. But plasma volume dclenninalions in 
tlie shock state may not be reliable, .so that a fpiantitativc estimate of 
ihn mr,neitv of the hormones to mobilize extravaseiilar lluids during 
IllocrirpShWS not possible. A fovoroble ,c,p„„.,c 1. the ho™,.,.c.s 
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during shock can at present be assumed only if they effect a sustained 
return of the blood pressure level to well above the shock level and 
(or) a significant prolongation of the survival time. 

Observations along these lines were made as follows: A group of 
dogs was submitted to massive hemorrhage. Heparinization and intra- 
peritoneal nembutal anesthesia were utilized in order to record continu- 
ally the blood pressure in the carotid artery. In contrast to unan- 
esthetized dogs which survived an acute blood volume loss of some 40 
per cent ■without going into shock, the anesthetized dogs uniformly and 
promptly went into shock. A sj'stolic blood pressure level of 80 mm. 
Hg or lower for thirty minutes or longer was regarded as evidence of a 
state of shock. 

Two dogs so prepared were rapidly bled of 40 per cent of their es- 
timated blood volume. Their blood pressure curves promptly fell to 
shock level and death occurred in about seven hours (Pig. 1). 

Three dogs treated in similar fashion were given five mg. of desoxy- 
eorticosterone acetate intravenously at intervals before and during shock 
as indicated in Fig. 1. This hormone exerted a slight but insignificant 
improvement on the course of events. Similarly, cortin given to two 
such dogs produced no substantial benefit. 

That we were not dealing with a type of shock from which recovery 
was impossible and which, therefore, may have masked the possible 
sustaining powers of the hormones is evident in the case of five dogs, all 
of which recovered after being in profound shock for one-half hour or 
longer, following an intravenous injection of 500 c.c. of saline solution 
or 200 c.c. of plasma (Fig. 4 and Table III). 

Table III 

The Efeect of Intravekous Fluids tVixii and Without Coetin ox the Tuie 
Needed for Hecovery Faoit a Constant Shock Level to a Stabilized 
Recovery Level op Blood Pressure 


EXPERI- 

MENT 

NO. 

INTRAVENOUS TREATMENT 
APPLIED 30 OR MORE 
MINUTES AFTER ONSET OF 
SHOCK 

B,P. 

BEFORE 

hemor- 

rhage 

(MM. 

HC) 

ORIGINAL 

BLOOD 

VOLUME 

■WITH* 

DRAWN 

(%) 

STABl* 

LIZED B.P. 

AFTER 

treat- 

ment 

(MM. 

HG) 

TIME NEEDED TO 
REACH STABILIZED 
RECOVERY LEVEL OP 
B.P. FOLLOWING PER- 
SISTENT SHOCK 
LEVEL OF B.P. 

1 

500 c.c. saline solution 


35 



2 

intravenously 


43 


145 min. 

o 

o 


155 

oo 

118 

60 min. 

4 


185 

56 

140 

20 min. 

5 

saline solution intra- 

140 

35 



0 

venously 


44 

115 


7 


140 

50 


ESiiilxUlii 1 13 

8 



41 

145 

Almo.st immediately 

9 

200 c.e. plasma intra- 

160 

45 

125 

1S5 min. 

10 

venously 


31 

90 

120 min. 

11 

10 e.e. eortin; 200 e.e. 

110 

40 

105 

05 min. 





125 

216 min. 


•Hccovcry level did not rise above 80 mm.; dog died 48 hours later. 
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Although eortin is without effect during shock in the absence of 
intravenous saline solution or plasma, it apparently possesses a sliglit 
adjuvant quality if combined with saline solution. The return of the 
blood pressure to a sustained recovery level occurred almost immediately 
in four out of five dogs which received 10 e.e. of eortin in addition to 
500 c.c. of physiologic saline solution intravenously, in contrast to a 
recovery after 145 minutes, 120 minutes, and 60 minutes, respectively. 



II three dogs receiving saline solution onlj'. Plasma alone restored the 
ilood pressure in two dogs after 1S5 and 120 minutes, respect ivel.v, wliile 
0 ec of eortin plus plasma effected the .same result after 21G and 95 

innutes, respectively (Fig. d and Table III) 

3 Graded Hemorrhage Producing .S/mcA-.— Since a single massive 
‘ nvecinitates shock in the anesthetized dog almost immedi- 

i' t pS that too lilllo timo k nvail.Uc for tl.c «rg,,ni„, to 
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benefit by whatever fluid mobilizing capacity the hormones might exert 
under less strenuous circumstances. Accordingly, the above experiments 
were repeated, substituting for a single massive hemorrhage, successive 
withdrawals every forty to sixty minutes, of an estimated 10 per cent 
of the original total blood volume so as to prolong the period preceding 
the onset of shock and to allow more time for the mobilization of extra- 
vascular fluids. 



In preliminary experiments it was soon apparent that anesthetized 
dogs vary considerably in resistance to equal degrees of ])lood loss 
(Figs. 2 and 3) in so far as the development of shock is concerned. A 
shock level of blood pressure was reached within two to five hours and 
death occurred within eight hours in hormone-treated as well as in un- 
treated animals. Nevertheless, in three out of four preliminary experi- 
ments with desoxyeorticosterone acetate it was necessary to withdraw 
more blood to induce shock than in the control scries (Pig. 3). 
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Plasma volume determinations were made as often as circumstances 
allowed on a subsequent series of twelve dogs during the period pre- 
ceding the onset of shock. Three dogs received desoxycorticosterone 



eROKCN LINES represent SHOCK LEVEL or SLOOB PRESSURE 
horizontal ARROWS SHOW TINE DURIHO WHICH SALINE OR PLASMA WAS OlVEH 
VERTICAL ARROW SHOWS TINE OF INJECTION OF CORTIM 
S- saline CSOOtc) P'PLASNA (EOOtt) C» CORTIN (lOtO 
figures represents of original blood volume withorawn 
I'iR. -I. 


neetate and two others received eorlin. Tl.o l.ormone was given intrn- 
at 0<,.,ca|.om1ii.= ii.lM val, or al lrr .Irarr., of 
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lass, data of some value were secured. An inspection of Table IV 
shows that the hormone-treated dogs have no greater tolerance to graded 
hemorrhage than control animals, if they have as much. This is evi- 
dent from (1) the amount of plasma removed in order to induce an ir- 
recoverable shock level of blood pressure, (2) the fluid volume com- 
pensation for a given volume of plasma loss, (3) the net loss of plasma 
volume at the time of onset of the shock level of pressure, (4) the ex- 
tent of the compensatory mobilization of plasma proteins, and (5) the 
absence in the hormone-treated dogs of a prolongation of the suiwival 
time. 

The evidence is therefore against the usefulness of desoxycorticos- 
terone acetate and of cortin in anesthetized animals subjected to massive 
or graded hemorrhage resulting in shock, U7iless parcnicral fl^iid is pro- 
vided. Given such a supply of fluid, cortin is advantageous while 
desoxycorticosterone acetate is not. 

SUM5IART 

1. Follouing a single massive hemorrhage (about 40 per cent of the 
total blood volume), anesthetized dogs go into shock. The survival 
time is not prolonged by cortin or desoxj^eorticosterone acetate. 

2. When graded hemorrhage is carried out in anesthetized dogs, 
shock develops more slowly. The hormones do not facilitate the mobiliza- 
tion of extravaseular fluids or proteins before the onset of shock, nor do 
they prolong the survival time. 

3. Intravenous plasma and saline solution in such shocked animals are 
effective resuscitating agents. Cortin in addition to saline solution 
shortens the time required for restoration of the blood pressure to a sus- 
tained recovery level. To this extent cortin may be considered to have a 
slight usefulness in shock. 

4. Normal unanesthetized dogs submitted to a single massive hemor- 
rhage (some 40 per cent of the total blood volume) do not go into shock. 
The fluid-mobilizing capacity of such dogs during a four-hour period 
following the hemorrhage is not significantly increased by cortin or 
desoxycorticosterone acetate. Subcutaneous plasma alone or saline 
solution alone is equally effective. Cortin given with saline solution 
accomplished the greatest mobilization of all and therefore may be re- 
garded as of some value in the therapj* of acute plasma loss. Desoxy- 
cortieostei’one acetate in these circumstances is ineffective. 

5. The mobilization of protein into the circulating plasma after 
massive hemorrhage in unaiiesthctized dogs was not significantly im- 
proved by the hormones. However, following the injection of plasma 
into the subcutaneous tissues, the percentage recovery of lost circulating 
plasma protein was increa.sed by cortin. 


During Graded Hemorrhage in Anesthetized Dogs 
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CONCLUSION 

Desox3'corticosterone acetate is not an effective agent in the therap.v 
of shock due to hemorrhage. Cortin given alone is not an effective 
agent in the therapj' of shock. If it is combined with parenteral fluids 
it exerts some beneficial influence in certain circumstances. 
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THE THEEAPY OP SHOCK IN EXPEEIMENTAL ANIMALS' 
WITH PLASMA PROTEIN SOLUTIONS* 

I. Concentrated Plasma as a Hemodiluting Agent in Shock 

E. B. Muirhea'd, M.D., C. T. Ashworth, M.U., and 
J. J\I. Hill, M.D., Dali^as, Texas 

(From the William Buchanan Blood, Plasma and Serum Center, Baylor University 

College of Medicine) 

U NDER normal conditions the blood Amlume is principally composed 
of a fairlj’- constant amount of red blood cells and plasma. In 
traumatic or posthemorrhagic shock there is a decrease in the effectii^e 
circulating blood Amlume resulting from the partial loss of one or both 
of ' these constituents in Amrying amounts. Peripheral stagnation of 
blood in dilated vessels may further accentuate this abnormality. 

It is becoming more apparent that generally the volume deficit per 
se is more important than the deficit of any one constituent, such as 
the red cells. This reasoning has resulted from the observation that a 
very copious hemorrhage is not fatal if the circulating volume be main- 
tained Avith solutions not containing red blood cell’s. The anemia Avhich 
results can usually be treated later Avithout jeopardy to the patient 
Avhen time is not such a valuable factor. 

Although many mechanisms in shock are not Avell understood, the best 
therapeutic measure appears to be one Avhich encourages the most rapid 
replacement of the circulating volume. The solutions most efficient in 
accomplishing this replacement contain plasma proteins, since such 
proteins tend to be retained Avitliin the vessels and, at the same time, 
are of a physiologic nature. The solutions that have been used''^ con- 
tain various protein concentrations, such as 15 to 20 Gm. per cent 
(concentrated), 5 to 7 Gm. per cent (normal), and 3 to 4 Gm. per cent 
(dilute). 

The present communication demonstrates the ability of concentrated 
plasma to increase the blood A^olume in scA'ere posthemorrhagic and 
traumatic shock in dogs. In these experiments (1940 to 1941) a few 
animals seemed to be harmed by plasma in normal and concentrated 
form. The apparent cause for these irregularities Avill be discu.ssed be- 
low. Subscciuent experiments (1942) dealing mainly Avith the ap- 
parent shifts of body fluid in shock and following therapy Avilli con- 
centrated and dilute scrum are the subjects of a separate report. = 

methods 

Ilealthv dogs under nembutal anesthesia Avcrc used. 'I’iie ncmlnifal 
vas <Mven intravenou.sly in doses of one grain for every five pounds of 
bodA-''Avei"ht. There Avere tAvo groups. In tlie fii-st group the aidmals 

“Aided by a sr.ant from Abbott I.aWtnrle.,. North Cldeago, III. 
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were bled through a carotid arteiy cannula. Multiple bleedings over 
a period averaging three hours was the usual technique, although in a 
few instances one or two large bleedings were performed. The amount 
of blood removed ranged between 2.7 per cent and 5.4 per cent of the 
body weight w'ith an average of 3.8 per cent. In the second group 
trauma to both lower extremities was the procedure used. Trauma was 
inflicted with a metal hammer as moderate blows. This procedure Avas 
repeated every fifteen to twent}' minutes until the blood pressure reached 
shock levels. The first two trauma periods lasted five minutes and there- 
after one- to three-minute periods Avei-e used. In this group two dogs 
were giA^en histamine intravenouslj’^ in addition to the trauma. In two 
other animals a tourniquet Avas applied about the extremities during 
trauma and later released. The average blood pressure during shock 
Avas 58 mm. Hg, ranging betAA'een 10 and 85 mm. The hemorrhagic 
group remained in shock for an aA'erage of 2.3 hours and the traumatic 
ones for an average of 1.5 hours before treatment. 

The canine plasma used AA^as obtained from eitrated blood by con- 
ventional centrifugation in 250 c.c. bottles. During the collection of 
blood the donor dogs Avere subjected to intravenous nembutal anesthesia. 
All of the plasma Avas first desiccated from the frozen state by the 
adtevac process.® Tlie dry product AA'as dissoh^ed in one-fourth of the 
original A'olume and preserved in the frozen state. It was either ad- 
ministered as such or diluted back to normal Avith distilled AAmter. Most 
often dog plasma Avas used but in isolated cases, as indicated in the tables, 
human plasma Avas given. The plasma, AA'hether normal or concentrated, 
Avas injected rapidly into the femoral A'ein by means of a syringe, that is, 
50 c.c. in one to five minutes’ time. 

The blood pressure Avas taken by means of a carotid cannula at- 
tached to a mercury manometer. The falling drop technique' Avas used 
for the specific gravity determinations. Tlie hemoglobin concentration 
Avas obtained by the Sanford-Sheard* technique using a Leitz-Mass 
photoelectric colorimeter. The red cells were counted on each occasion in 
20 hemoeytometer squares. Wintrobe® tubes were used in determining 
the hematocrits. 

The blood samples AA'ere collected from either the jugular or the 
femoral A'ein. IlepariiA Avas used as an anticoagulant. 

RESULTS 

The essential part of the data is gh'cn in the tables. The results of 
tile laboratory tests and the level of the mean arterial pressure are 
recorded in three periods. The first figures represent the control stud- 
ies, those of the second group Avere taken during shock and just prior to 
treatment, and those of the third group Avere obtained an aA-erage of 
one and one-half hours after treatment, except in tlie animals thal; ex- 
jiircd sooner, Avlien the results immediately after treatment Avere re- 
corded. 
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There were 20 animals in the posthemorrhagic shock group, 16 of 
which received concentrated plasma and 4, normal plasma. In the 
traumatic group 6 dogs received concentrated plasma and 3, normal 
plasma. The volumes of normal and concentrated plasma given were 
calculated so as to have comparable amounts of protein. In the tables 
the essential data from 10 animals in the hemorrhagic group and 6 in the 
traumatic group are given. The data in the other 13 animals were sim- 
ilar to those presented in the tables. 

The animals were all in deep shock as demonstrated by the depres- 
sion in the blood pressure, the collapsed peripheral veins, and the thready 
and very weak femoral artery pulse. Surmvai time was not determined 
and the observations were confined to the interval a few hours after 
treatment. 

Seven of the animals in posthemorrhagic shock showed slight hemo- 
cjdoconcentration. Tlie others displajmd slight hemodilution. In the 
traumatic shock group hemocj-toconcentration failed to occur in only 
one animal. 

It was observed that concentrated plasma caused hemodilution in 
each case as reflected by a drop in the whole blood specific gramty, a 
decrease in the red cell count, hemoglobin concentration, and hemato- 
crit. This hemodilution was observed to occur in several instances 
within five minutes after the injection. During the hemodilution the 
plasma specific gravity remained about the same, meaning that fluid was 
withdrauTi into the circulation. The elevation in the blood pressure 
paralleled this hemodilution. It was also observed that the injeetion of 
normal plasma ivith a comparable amount of protein content produced 
similar results. 

As is pointed out in the table, sevei'al of the animals responded un- 
favorably to concentrated plasma. These ill effects were represented by 
a rigor, lack of elevation of the blood pressure, or even sudden death. 
These in-egular findings could not be understood at first because during 
the same period very favorable results were being obtained from the 
use of concentrated plasma in clinical shock.*' 

In subsequent experiments on normal nnanesthetized animals’* definite 
ill effects were encountered when concentrated plasma was injected 
rapidly intravenously. There was usually transient but very severe 
tetany. Most animals subsequently became ataxic, exhibited carpopedal 
spasm, vomited or retched severely, became lethargic, and oceasionallj" 
fell asleep. These ill effects would last a vaiying period of time, and 
then the animal appeared quite normal. By considering the amount of 
sodium citrate used as anticoagulant it became apparent that the con- 
centrated plasma contained at least 2 per cent sodium citrate. When 
such quantities of sodium citrate were given to normal animals similar 
tetany was observed. As a further cheek on the citrate effect, it was 
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demonstrated that the administration of neutralizing amounts of cal- 
cium chloride with, or shortly before, the concentrated plasma pre- 
vented the tetanj^ Likewise, the administration of concentrated serum 
without citrate failed to produce tetanjL However, the ataxia, retch- 
ing, vomiting, and lethargic appearance persisted. Since the blood 
had been collected from donor dogs under nembutal anesthesia, it was 
assumed that a small quantity of nembutal was being given in the 
plasma. This assumption was shomi to be correct by the production of 
similar ill effects when small doses of free nembutal were administered 
intravenously to normal animals. As a final check to these two types of 
reactions the dog plasma containing citrate-nembutal was dialyzed at 
low temperature against normal saline solution. After sufficient dialj'sis 
the plasma did not produce these ill effects. 

Table HI 


Ulustrating the effect of citrated dog plasma (at least 2% sodium citrate) con- 
faiuing nembutal when administered intravenously in concentrated form (4 x cone.) 
to a normal dog under nembutal anesthesia (4 gr. nembutal intravenously). 


TIME 

(P.M.) 

AMOUNT 
INJECTED CONC, 
CANINE PLASMA 

B.V. 

(MM. HG) 

REMAKES 

2:47 


160 

Weight 7.8 kg. Dog under nem- 
butal anesthesia 

3:06 

10 c.e. 

90-140 

Wide fluctuations of Hg manom- 
eter 

3:07 

10 c.c. i 

120-140 1 

Severe tetany began, deep breath, 
marked rigidity 

3:08 to 3:12 

55 c.e. 

60-165 

Tetany persists 

3:14 


30 

Respirations almost ceased, shock- 
like state 

3:32 


135 

Normal respirations 

5:50 


140 

Appears normal, complete recovery 

Total 

75 c.c. 




It was then evident that the occasional ill effects in the shock group 
wete due to two causes: First, the rapid administration of a relatively 
large amount of sodium citrate, which before its oxidation bound suf- 
ficient calcium to produce tetany. It is known that such I’apid calcium 
ion deficiency may produce cardiac embarrassment by vagal inhibition 
or vagal paralysis.’-’ Second, the barbiturate effect could be an ag- 
gravating factor in animals in deep shock, although not at all dangerous 
to normal animals. It has been observed that following a favorable 
blood pressui'o response in experimental shock therapy the animal may 
begin to awaken from the comatose state. If at this time a small amount 
of nembutal is given intravenously there may be a definite drop in the 
blood pressure. When the animal is in shock these ill effects may be un- 
noticed and the plasma protein solution may be considered to be in- 
effective therapeutically. Yai’iations in animal tolerance, variations in 
tlie plasma, and the masking effect of the depressed condition of an- 
imals in shock may account for the fact that all e.xperiments did not 
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demonstrate these ill elfects. These 50 to 100 c.c. doses in 10 kg. dogs 
would be comparable to 500 to 1,000 c.c. doses in an 80 kg. person. It is 
very difficult to administer such huge doses of concentrated plasma to 
a human being in such a short period of time. Therefore, similar com- 
plications in adult human beings would not be expected from the ad- 
ministration of concentrated plasma. However, in children we^ have 
observed such calcium binding effect with transient tetany. 

DISCUSSION 

These studies illustrate the ability of concentrated plasma to pro- 
duce hemodilution in animals in deep hemorrhagic and traumatic shock. 
The hemodilution considerabb^ exceeds that Avhich would be expected 
from the injection of the decreased volume of the concentrated plasma 
alone. Therefore, there must be an increase in the blood volume result- 
ing from a withdrawal of fluids into the circulation at the capillary beds. 
This indicates either that the fluid shift occurs through damaged 
capillaries or that undamaged capillaries are available in deep shock, 
through which interstitial fluid maj'’ be drained into the vascular 
system. 

In shock the therapeutic efficiency of any plasma protein solution 
depends largely on its protein content, since it is the protein molecule 
that maintains the plasma volume. Hence, an equal degree of hemo- 
dilution is obtained when normal or concentrated plasma of comparable 
protein content is given to different animals at similar rates of in- 
jection. These observations were first mentioned by Magladerj’’, Solandt, 
and Best.'^ However, the action of these two agents is different, for, 
whereas concentrated plasma or serum causes an internal shift of fluids, 
a nonnal plasma injection merely adds more fluids. Eecent evidence 
suggests that cells take up water in experimental liemorrhagic*' and 
freezing shock.® The possibility that concentrated plasma may reclaim 
such water” appears very logical. It seems that the withdraival of mis- 
placed fluids by the use of concentrated plasma is more of a reversal of 
certain shock mechanisms than would be expected from the external 
addition of normal plasma. 

It may be stated then that the cfficaej' of any protein solution in the 
treatment of shock depends upon the total protein content; the pro- 
tein concentration, which determines its ability or lack of abilif.v to .shift 
fluids from an extravascular to an intravascular position ; and its rate 
of administration. 

It has recently been .stated'® that large volumes of dilute plasma arc 
more beneficial in the treatment of .shock than normal or concentrated 
lasnia and a failure of response was observed in certain animals given 
concentrated plasma. This riiiestion is discussed in other jmblica- 
5, IT* Suffice it to mention at present tiiat plasma protein solu- 
tions varving in protein concentration .should l)e compared not only nc- 
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cording to comparable volumes and comparable protein content, but also 
according to rate of injection. Whether the plasma contains sodium 
citrate or barbiturate should be mentioned. Obviously, if a deleterious 
substance is present in the plasma, its injection may be innocuous in- 
dilute form due to the slowness of administration, and quite harmful in 
concentrated form because a greater quantity of the substance is or- 
dinarily given per unit of time. 

The term “four times concentrated plasma” signifies that the dry 
product was dissolved in one-fourth of the original volume. The pro- 
tein content of such a concentrate depends on the protein concentra- 
tion of the original citrated plasma prior to desiccation. In spite of 
the resulting variation in the protein content of the original citrated 
plasma, the final concentrated product is usually loosely compared 
with the osmotic property of normal plasma taken to contain 7 Gm. 
per cent of proteins. Such terminologj' has given rise to much confusion. 
It seems essential to drop the term “four times concentrated plasma” 
and speak directly of its protein content in grams per cent. Unfor- 
tunately, in the present studies we failed to take these considerations 
into account. As a result of this, certain disparities appear in the data 
of this report. For instance, when the original blood volume is cal- 
culated on the basis of body weight and subsequent volume changes are 
calculated according to changes in the hemoglobin concentration or 
hematocrit, it is revealed that the volume increases follovdng the con- 
centrated plasma injections are smaller than would be expected from the 
injection of true four times concentrated plasma (approximately 25 Gm. 
per cent). Obviously the concentrated plasma solutions used in the 
present studies contained smaller amounts of protein than might be 
expected from the use of the term four times concentrated plasma, which 
is used to define a solution obtained by dissolving the solid residue in 
one-fourth of the original volume. Assuming that all of the plasma 
given remained within the blood stream after tlie equilibration of its pro- 
tein content, an analysis of the data from two experiments might clarify 
these points. Following is an example : 


Dog No. VIII 

Weight S kg. 

Calculated blood volume (9% body weight) 720 c.c. 

Control hematocrit 29.0 % 

Control red cell volume 20S.8 c.c. 

Volume red cells bled Ssis c.c! 

Shock red cell volume 120.3 c.c. 

Shock blood volume (120.3 2S.7) 419 c.c! 

After treatment blood volume (120.3 IS.S) G40 c!c! 

Increa.ee in plasma volume 221 c.c. 

Expected increase 90 X 4 360 c.c! 


On the same basis dog No. Ill showed a calculated volume increase of 
267 c.c. out of an expected increase of 600 c.c. Such calculations are 
intlueuced by other factors, and therefore are not strictly accurate but 
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can be used to demonstrate the relative trend in the experiments and 
show that the volume increase was much greater than would he expected 
from the volume of concentrated plasma alone. Tliis method of cal- 
culating- volume changes cannot he used in the traumatic shock group 
because the volume of red cells lost is a totally unknown quantity. 

In a subsequent report'^ it is shown that in the treatment of experi- 
mental shock with concentrated serum tlie plasma volume increase is 
directly proportional and equivalent to the grams of protein injected. 

Slost workers in this field are willing to agree that concentrated 
plasma given in standard glass syringes can be handled more rapidly 
and with greater ease than other more hullr\^ plasma solutions, such as 
normal or dilute plasma. However, its therapeutic efficiency is ques- 
tioned, the dangers of reactions are empliasized, and it is stated that 
deliydi’atioii ma.y he a harmful sequel. Therapeutically eoneentrated 
plasma is capable of jirodueing hemodilution in direct proportion to 
its protein content. A plasma tliat is free from agglutinins, bacteria, 
and pyrogens and tliat has been prepared by desiccation from the 
frozen state, in our experience'® will not produce reactions when given in 
concentrated form. Dehydration following the injection of concentrated 
solutions depends on the type of solution given. For instance, when 
concentrated glucose is given intravenously it draws fluids from the 
tissues and thus increases the plasma and blood volume. At the same 
time because the plasma is diluted its composition is altered. The kid- 
neys, being more concerned with plasma composition’® rather than vol- 
ume, reject the added water in the urine. The glucose is either taken 
up by the liver or metabolized. Therefore, water is lost from the body, 
the glucose is removed from the blood stream, and dehydration may 
eventually result.’® When concentrated plasma is injected it draws 
fluids from the tissues but the plasma compositiozi remains about nor- 
mal. The kidne.v will not reject the added fluid readily and the mech- 
anisms of dehydration are thus avoided. In nephrosis or low protein 
edema the diuresis seems to be related to a decrease in sodium intake 
plus a greater renal plasma flow that is as.sociated with plasma therapy. 

Concentrated plasma should receive more consideration in the treat- 
ment of shock. It has a definite physiologic basis for its rationale. The 
ease of handling gives it tremendous military advantages. 

coxcnu.sroNS 

1 Concentrated ]>Iasma produces hemodilution rapidly in .severe 
posthemorrliagie and traumatic sliock in dogs. 

9 The hemodilution is due to the .shift of fluids from an e.xtravaseu- 
lar to an intravascular location as shown by the lack of cliange in plasma 

3 Normal plasma witii comparable protein content is capable of 
producing hemodilution. 
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4. The difference in the action of concentrated and normal plasma 
is pointed out. 

5. Two distinct causes for untoward reactions in experimental an- 
imals after the injection of concentrated plasma are discussed. 

6. The importance of concentrated plasma in military practice is re- 
emphasized and certain objections bj’' other workei’s are briefly discussed. 
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A MODIFIED TECHNIQUE OP SURGICAL LIGATION OF 
PATENT DUCTUS ARTERIOSUS 


Arthur S. W. Tourofp, M.D., New Tork, N. Y. 

(From Beth Israel Sospital an^ The Mount Sinai Hospital) 


TN 1939, Gross and Hubbard- reported the firat successful ligation of a 
•I patent ductus arteriosus. Stimulated by this brilliant surgical 
achievement, the operation soon was attempted by others ivitli the 
result that the effectiveness of ductal ligation in correcting circulatory 
abnormality quicldy became established. The technique deseilbed by 
Gross’^ has been generally employed up to the present time, and appar- 
ently has proved quite satisfactory. The chief dangers wliieh attend 
opei'ation are (1) hemorrhage as the I’esult of inadvertent injui'y of the 
ductus or pulmonary artery, and (2) injury of the left recurrent laium- 
geal nerve. Hemorrhage is most apt to occur as the posteromesial wall 
of the ductus is being separated from the adjacent, main trunk and 
right branch of the pulmonary artei-y. (This poifion of the ductal wall 
faces away from the operator, and therefore cannot be visualized com- 
pletely.) Thus, its separation from the pulmonary arter.^' constitutes a 
relatively “blind” procedure, during which either of the afore-men- 
tioned structures may be inadvertently torn. In an atteni])! to avoid 
such accidents, ductal dissection of necessity must he performed care- 
fully and unhurriedly. (Gross has repoi-ted a case in which almost two 
hours were spent in performing this step of the procedure, alone.) 
Gross has stres.sed the necessity for careful and complete e.xposure of the 
left recurrent laryngeal nerve, as a guide to the location of the ductus. 
If injuiy to the nerve is to be avoided, con.siderable time may have to 
be expended in this disscctioTi al.so. The operation for ligation of 
patent ductus arteriosus therefore is one which, in general, is apt to he 
time consuming if serious complications are to be avoided. 

In 1940, Ye.scH and I^ reported the hi'st ease of subacute bacterial 


endarteritis complicating patent ductus arterio.sus, in which recovery 
followed aiu’gical treatment. During the .same year we lejjorled our 
cxpcvieuccs in the surgical treatment of three additional eases, ‘ ami 
emphasized that in the i)ro.senec of infection the likelihood of accidental 
hemorrhage is increased considerably. The latter is atlrihutable to tu-o 
important pathologic features which may accompany the su()criniposcd 
infection’ (’a) friahility of the dnctn.s. as the rcsidt of atheromatous 
and infcctional disease changes; and (b) periarteriti.s. which nmders the 
\ -tus verv firmly adherent to the .surrounding .structures, the mmt im- 
portant of which is the pulmonary artery. Kurt/.ermorc. sine- our four 
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patients were adults, and the duration of the congenital lesion therefore 
longer, the pulmonary arter3' was relativelj^ more dilated, thin walled, 
and susceptible to accidental injurj” than in the case of children. Thus 
in spite of the fact that great care was exercised in dissecting out and 
manipulating the ductus, hemorrhage occurred in three instances. Of 
these, two patients succumbed upon the operating table. In the third, 
profuse bleeding from a tear in the ductus was suceessfullj'' controlled. 
(The last patient recovered and has been entirelj'^ free of all evidence of 
subacute bacterial endarteritis since operation, almost two yeai-s ago.) 

With the realization that we wei-e dealing ivith a disease which still 
is considered to be almost invariablj’- fatal under conservative forms of 
therapj^ I was encoui-aged to continue mj^ surgical efforts, despite the 
fact that operation had proved to be so hazardous. It was mj' hope that 
the latter might be I’endered more safe bj-^ modifying the operative tech- 
nique ; and aceordingl.v, when the next patient with patent ductus arte- 
riosus complicated by subacute bacterial endarteritis was presented for 
surgical treatment, a somewhat different tj'pe of procedure was carried 
out. Shortly thereafter another infected case was operated upon, wth 
the same technique. Both of these patients apparently have been cured 
of the bacterial infection ® in neither case was the surgical procedure 
attended by hemorrhage and the time consumed in operating was re- 
duced materially. (In the latter case, operation was performed in fiftj'- 
five minutes). Since the avoidance of hemorrhage and the shortening 
of operation appear to be attributable chiefly to the modified technique, 
the latter seems worthy of description. It is applicable not only to 
infected eases but also to uninfected cases, and is based upon a number 
of principles which themselves are dictated b.y certain anatomic and 
pathologic findings. The latter are as follows: (a) the aorta is bj' far 
the strongest structure and the one most resistant to injurj'' in the im- 
mediate operative field; (b) the aortic end of the ductus is normallj* the 
strongest portion of the ductus and the portion which is least apt to be 
affected bj' atheromatous and infectional changes; and (c) it is easier 
and safer to free a vessel which is firml,v adherent to some surrounding 
stiTU'ture bj cariying out the procedure in a plane of cleavage udthin the 
jidventitia, than by attempting to strip the intact vessel from the sur- 
lounding tissues. 

In sequential order, the steps of the modified operation consist of: 
( ii ) Entering an inter- or subadventitial plane of dissection, upon the 
jiorta. close to the aortic end of the ductus; (b) “tunnelling,” within 
tl„- above plane (upon the aorta), completely behind the aortic end of 
111,' ductus; (c) developing the plane from the aorta, to the posterome.siaI 
,.vdl of the ductus it.self. 

The procedure is performed under rather complete rtsualization, and 
l,;i keeping within the adventitial plane of the aorta and adjoining 
,lii< tus. injury to the pulmonary artery and recurrent larvimea'l nerve 

iidniniizcd. * ' 
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The operative entry of the thorax and the exposure of tlie aortic arcli 
and pulmonary arterj^ are performed in the manner described by Gross. 
(Although Gross has recommended entrj’’ of the thorax routinely through 
the second intercostal space, in certain cases the lower border of the 
aortic arch is seen in the x-raj’’ film to lie at or near the level of the third 
interspace. Under such circumstances, an incision in the third interspace 
affords a more direct approach to the ductus.) The upper end of the 
trank of the dilated pulmonary artery is identified and dissected from 
the aortic arch. After this has been accomplished, the position of the 
ductus is detemined by palpating for the point of maximal thrill in the 
region of the concavity of the aortic arch. The pulmonaiy arterj^, which 
in adults often completely obscures the aortic arch from view (Pig. 2), 



Fig. 1.' — Schematic d^a^^Ing to Illustrate relative size of the aorta, pulmonary 
artery, and ductus arteriosus, shoi tly before birth. 

Fig. 2. — Schematic drawing to illustrate the findings In cases of patent ductus 
arteriosus of long duration (as in adults). Note the marked dilatation of tiie pulmo- 
nary artery, (The latter often obscures the amta completely.) The ductus arteriosus 
IS not \isjble. 


then is gently displaced downward as far as possil)le and held in this 
position by a ribbon refractor (Fig. 3). TJii.s e.xpose.s flic general region 
of the ductus. The anterolateral .surface of the ductus iic.xt is cxposcfl 
bv removing the overlying areolar tissue and lymph nodes. T}ic angle 
bct'vcen the upper surface of the ductus ami fbe aoita, and ibe angle 
between the lower .surface of tiic ductus and tJie aoi-ta then arc c.xfioscd 
carefully in the same manner. Care is taken to avoid the proxnniil por- 
tion of the recurrent Innmgcal nerve as it leaves (be tnink of the vagus 
' r the lower of the two angles mentioned above. Tlw adventitia of 
..orfi at the tipper angle (Pig. 4. A) is grasped with a toot lied for- 
e ose to tue ductus, and incised witb fine .scissors fine, curved, 
i’nstie duct clamp then is passtd into the incis, on m the aortic adventitia 
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and advanced slowly and progressively, don’nward and laterally, along 
the posterior wall of the aorta immediately adjacent to the aortic end of 
the ductus. As this plane is developed, a narrow ribbon retractor is in- 



Fig. 3v — First stage of the author’s modified operative procedure. The pulmonarj’ 
arter>’ has been dissected from the aorta and is displaced do^mward by a retractor. 
After removing areolar tissue and lymph nodes from the region of the concavit>' of 
the aortic arch, the ductus artericsus comes into viev.'. 



Fig. 4. — Operation continued. An incision Is made In the aortic adventitia at A. A 
fine cur\ed cystic duct clamp Introduced into the adventitial inci«:ion and gradually 
passed dowmvard and laterally (upon the aorta) as far as po‘:sible. A similar dis- 
section is begun at ij and earned upward until a ‘‘tunnel'’ has been completed (beneath 
the adventitia of the aorta) behind the aortic end of the ductus. 


tnnlueed; and the aortic adventitial ti.ssue, which has been .stripped free, 
is retraeted nuHlially. Tlio origin of the right branch of the pulmo- 
nary artery, which lies outside (me.sial to) the freed adventitia thus 
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is retracted automatically (Fig. 5). Once the plane of cleavage has 
been entered properly, tiny gauze sponges held in small curved hemo- 
stats are employed as atraumatic dissectors. As the dissection pro- 
gresses along the posterior wall of the aorta, it also is extended for 
a short distance behind the ductus. The retractor which holds' the 
stripped adventitial tissue and pulmonary artery aside is advaJieed 
progressively deeper as the posteromesial surface of the aortic end of 
the ductus is freed. As a result, the stripping of this portion of the 
ductus is accomplished under fairly complete visualization. After the 
separation of the aortic end of the ductus has been carried from above 
downward as far as room will permit, attention is directed to the angle 
betAveen the loAver surface of the ductus and the aorta. The aortic 
adventitia in this area (Fig. i, B) is incised near the ductus. As the 
assistant holds the edges of the adventitial incision apart, the curved, 



Pip. 5. — After the ‘'tunnel” within the mlvontitia of the aorta has been completed, 
the plane of dissection is carried onto tlie postorome.slnl surface of the ductus. Note 
that the retractors within the adventitia hold aside the riplit brancli of tlic pulinonarj' 
arters' and tlic recurrent larynsoai nerve without jictuaiiy cominfj Into contact wltli 
either of those structures. Tlie ilf^ature has been passed beidnd tlic ductus. 


cystic duct clamp previously mentioned is introduced into the proper 
plane and passed gently upward behind the aorta adjacent to the 
ductus. The dissection then is c.xt ended onto the aortic end of the 
ductus, in the manner already described. As the adventitia, which 
has been separated froin the aorta and t))c aortic end of the ductus, is 
retracted, the recurrent laryngeal nerve which lies immediately below 
and outside it is automatically held aside without coining into aetnal 
contact with the dis.seeting instniment (Fig. 5). A small rihlion re- 
tractor once more is introduced into the upper adventitial incision ns 
deenly as possilde from above downward, and by retracting the 
freed adventitia and subjacent pulmonary artery mesially, the pos- 
loi ci.rfnee of the diictim acain is exposed. The tip of tlic 
mirvcrcliinp which is being directed from below upward, liehimi the 
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ductus, now call be readily casualized and the freeing of the postero- 
mesial ductal wall completed. In ligating the ductus (Fig. 6), two 
heavy silk ligatures are employed. One of these is placed directly 
adjacent to the aorta and the second nearby. In view of the minimal 
infectional changes and the greater thickness of the ductal walls in 
this area, accidental tearing of the ductus during ligation, and cutting 
through of the ductal ligatures, subsequently, is minimized. Further- 
more, a ligation of the ductus veiy close to the aorta has the additional 
advantage of excluding infected vegetations within the interior from 
direct contact with the aortic blood current. (The role of surgical 
ligation in the cnre of infected patent ductus will not be set forth here, 
but will be discussed in detail in a forthcoming paper which will deal 
with the rationale of surgical treatment.) 



Fig. 6, — Final stage of procedure. Double ligatures tied about the ductus, as close to 

aortic end as possible. 


Following ligation of the ductus, the local .site is sprinkled with 
1 to 2 6m. of powdered sulfathiazole or sulfapyiidine. The mediastinal 
pleura is left open, in order to permit fluid exudate to drain freely into 
the pleural cavity. The thoracic cage and parietes are closed in layers, 
the lung being inflated by the anesthetist just as the closure of the 
pleural cavity is eonqfleted. 

SUIUI.VRY AND CONCLUSIONS 

1. The chief dangers attending operation upon patent ductns arterio- 
sus are (a) hemorrhage as the re.sult of inadvertent injury of the ductus 
or pulmonary artery, and (b) injmy of the left recurrent larnigeal 
nerve. 

2. In the })re.sencc of .subacute bacterial endarteritis, the likelihood of 
accidental hemorrhage may be greatly increased as the result of friability 
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of the ductus and its firm adherence to the surrounding structures, espe- 
ciallj' the trunk and right branch of the pulmonary artery. 

3. In order to minimize the likelihood of injuring the duetiis, pul- 
monary artery and recurrent laryngeal nerve, the origiiral operative 
technique described by Gross, has been modified. 

4. These modifications consist of: (a) entering an inter- or subad- 
ventitial plane of dissection, upon the aorta, close to the aortic end of 
the ductus; (b) “tunnelling,” within the above plane (upon the aorta), 
completely behind the aortic end of the ductus; (c) developing the plane 
from the aorta to the posteromesial Avail of the ductus itself. 

5. Of four operative cases of patent dirctus arteriosus complicated by 
subacute bacterial endarteritis reported originally, serious hemorrhage 
occurred in three. In trvo reeeirt similar eases operated rrpoir Avith the 
techirique herein described, hemorrhage did rrot occur and the time re- 
qrrired for operation Avas reduced materially.*^ 

6. The improved technique is applicable both to infected and un- 
irrfected cases of patent ductus arteriosus and should reduce the hazards 
of operatiorr considerably. 
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LIGATION OF A PATENT DUCTUS ARTEEIOSUS: 
REPORT OF A SUCCESSFUL CASE 

James W. Nlxox, 5I.D., F.A.C.S., Sax Axtoxio, Texas 

T he ductus arteriosus in fetal life serves the important function of 
shunting blood from the pulmonic artery to the aoila, thus by- 
passing the lungs. Incomplete expansion of the lungs produces a high 
resistance in the pulmonary vascular bed. ^Yhen the child is boni and 
the lungs expand, the peripheral pulmonary resistance to blood flow 
is lowered. Pressure in the aorta then is higher than pressure in the 
pulmonary artery. The ductus normally closes and all the blood in the 
pulmonary artery passes through the Ivurgs to be aerated. If the ductus 
arteriosus fails to close, a reversal of flow takes place, and blood passes 
from the aorta to the pulmonary artery through the ductus. The patient 
then possesses what is essentially an arteriovenous aneurysm. 

Patten^ claims the degenerative intimal changes take place in the 
ductus arteriosus during the latter part of fetal life, and it is his belief 
that increasing amounts of blood flow through the lungs even before 
birth. 

Christie- stvrdied a large series of routine autopsy specimeirs from 
infants to determine when the ductus arteriosus is normally obliterated. 
In infants of one month, air open ductus was found in 44 per cent; at 
two months it was open in 12 per cent ; and at eight months it was open 
in 2 per cent. In a small percentage of eases, the ductus remained open 
permanently. 

Barclay^' * and his co-workers performed detailed x-ray studies on 
lambs delivered by Cesarean section, as well as on adult animals. They 
concluded that the ductus closes functionally within five minutes after 
delivery. The x-ray technique of visualizing the ductus arteriosus does 
not seem applicable to clinical use at present. 

Gross^ sets an arbitrary time limit of one year, believing that an open 
ductus after that time should be regarded as abnormal. He also con- 
siders the etiology- of a patent ductus arteriosus and discusses three in- 
teresting possibilities. The position and direction of the vessel is im- 
portant. Usually it enters the aorta at an acute angle. As the acute- 
ness of the angle decreases, the ductus is more and more exposed to intra- 
aortic pressure. If the angle becomes a right or even an obtuse angle, 
the force of intra-aortic in-c.ssure can readily be exerted to maintain 
\>nteney of the lumen of the ductus. In his operative experience. Gross 

lo-cphca for iHiWlc.'itlon. Oct. Ifi, l!i|l. 
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has rc])ea1cclly ohsoi’vcd lliis dcvialion from (lie usual acute angle. The 
secoiul ])Ossil)iIi(y is a defec( in (he elastic fiber of (lie media, decreasing 
(he coiitractihility of the ductus. A third possibility is a deficient 
iieiirovascular tonus, dross jioiiits out (hat (lie discii.ssion of these po.ssi- 
hilitics does not aiijily to ca.ses in which aiiotlicr congenital defect acts 
to maintain an open ductus arteriosus as a compensatory mechanism. 


rATIlOnOGlC PlIYSIOl.OfiY 

Hazards of a Patent Ductus Arteriosus . — Tlie patent ductus arteriosus 
may be accompanied by other congenital abnormalities. Such pathologic 
combinations come within the scope of this presentation only as con- 
siderations in the differential diagnosis of patent ductus arteriosus. A 
patent ductus arteriosus can and does exist ns a single congenital cardiac 
anomaly. Tlie hazards of its presence alone are sufficient to justify 
operation in selected eases. 

Bppinger and Burwell," Avith Gross,' studied the effects of the patent 
ductus on the heart and circulation in six patients before and after liga- 
tion of the ductus. They pointed out that in the presence of a patent 
ductus arteriosus, the flow is from the aorta to the pulmonary artery. 
No floAV from the pulmonary artery to the aorta takes place, and hence 
the patient is not cyanotic. From blood samples taken from the A’essels 
both before and after ligation, they estimated that the volume of blood 
floAving from the aorta to the pulmonary artery varied from four to 
nineteen liters per minute. In other Avords, the shunt diverted from 
45 to 75 per cent of all blood pumped into the aorta by the left A^entricle. 
They also found that the left A’entricle expelled from tAvo to four times 
the volume of blood expelled by the right ventricle over a given period 
of time. Obviously the adjustment of the circulation to the patent duc- 
tus arteriosus is made by an increase in left ventricular output. If 
compensation is incomplete, there may be a diminution of blood Aoaa' 
to the periphery. These studies clearly shoAv the tremendous strain a 
patent ductus imposes upon the heart. 

The hazards of a patent ductus arteriosus arc Avell demonstrated by 
studies of the life expectanc3' of such patients. Maude Abbott® cites 
ninetj’-tAVo patients in Avhom the mean age of death Avas tAA'ent.A^-four 
A'ears. Since the series includes tAventj-- patients aa’Iio died in infanc.y, 
the mean age of death is somcAA-hat confusing. 

Jones Dollej', and Bulloek® rcA’ieAved scA'ent.A’-six eases from the lit- 
erature and added four from personal experience, a total of eighty cases. 
All patients Avere over three years of age at tlie time of death, and the 
diagnosis was proved by autopsy in eacli instance. 

By fourteen years, 14 per cent died of tlieir heart lesion. 

Bv thirty years, 50 per cent died of their heart lesion. 

By forty-one years, 71 per cent died of their heart lesion. 
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In analyzing the causes of death in these eases, 

18, or 23 per cent, died of congestive heart failure. 

5, or 6 per cent, died of rupture of the ductus or left ven- 
tricular failure. 

42, or 53 per cent, died of bacterial endocarditis. 

4, or 5 per cent, died of an associated cause of death in 
which the cardiac state was contributory. 

Maude Abbott®- found the incidence of subacute endocarditis to be 
25 per cent. Gross^^ regards it as 20 to 25 per cent. 

The hazards of the patent ductus arteriosus are cardiac decompensa- 
tion (prognosis here when untreated is probably directly related to the 
size of the opening), bacterial endocarditis or endarteritis, aneurj'smal 
dilatation of the ductus,^“ rupture of tlie ductus,® and possibly retro- 
grade thrombosis with release of emboli to various parts of the body. 

DIAGNOSIS 

During the first three to four years of life, tlie patent ductus arteriosus 
is seldom recognized. In some cases, during an incidental physical ex- 
amination, the murmur may be lieard, and the child may be given the 
“waste-basket diagnosis’’ of congenital heart disease. When the child 
progresses to the period of increasing exercise, symptoms of dyspnea, 
increased heart rate, or a pounding heart may develop. Some patients 
complain of a buzz or a hum in the chest. Decompensation is unusual 
in children. Cyanosis is present only as a terminal symptom of impend- 
ing death. As a result of pressure on the recurrent nerve, hoarseness 
may be present. According to Gross, the lesion is more frequently 
found in females than in males. 

The physical findings boil doivn to a few important signs and niuner- 
ous subsidiar 3 - signs of confirmatoi-j* evidence. Probablj- the most im- 
portant single sign is a continuous coarse machinerj- murmur found at 
the pulmonic area in the second or third interspace to the left of the 
sternum. The murmur is accentuated in systole. It is transmitted to 
the pericardium and to the axillae, especially the left axilla. It is often 
heard over the back, and is diminished over the neck vessels. A pal- 
pable thrill often accompanies the murmurs. According to Bullock, 
Jones, and Dolley,” when infants and patients with c.vanosis are ex- 
cluded, such a murmur is the strongest evidence for the presence of a 
patent ductus arteriosus without other congenital defects which would 
contraindicate operation. Patients with multiple defects rarely survive 
infanc.v. Ca.ses with aortic or pulmonary- ati-esia, where the ductus acts 
as a compcnsator.v mechanism, .show cyanosis. Defects, such as a pa- 
tent interventricular septum, a patent foramen ovale, or a bicuspid 
aortic valve may exist under the conditions mentioned, but thej- would 
not change the indication for operation. Coarctation of the aorta should 
be carefully ruled out. A second sigii of importance is the blood pres- 
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sure. TJio systolic level is normal or slightly lowered, while the diastolic 
level is greatl.y decreased. With the high pulse pressure, the Corrigan 
pulse and the pistol-sliot sounds may be delected in the peripheral 
arteries. An appreciable number of patients arc below par in weight 
and phj'sical development, although tlicy are mentally alert. 

Inspection may show visible jnilsatiou with increased thrust. Per- 
cussion shows a heart of normal or slightly increased size. The labora- 
tory data are not rcmarlcablc. The electrocardiogram is normal, a point 
of differentiation from pulmonary stenosis which shows right axis devia- 
tion. 

The x-ray findings arc not diagnostic, but thej' serve as important 
contributory evidence. They also bear witness as to the effectiveness of 
surgical therapy.® In roentgenograms, kymograms, and fluoroscopy, one 
should look for the following ; 

1. A possible enlarged left ventricle. 

2. Increased pulsation of the left ventricle and the pulmonary artery. 

3. Unusual -prommence of tlie pulmonaj-y artery. 

4. Engorgement of the pulmonic vessels. 

5. Increased pulsations of pulmonary artery branches. 

6. Possible dilation of the left auricle. 

SELECTION OF CASES 

In one of 'his early papers, Gross® stated the factors which guided 
him in the selection of cases for operation. In the first place, there 
should be no associated congenital cardiac defects. A septal opening or 
a mild (rheumatic) mitral stenosis are lesions Avhich do not contra- 
indicate operation. In the second place, he believes the patient should 
show evidence of impaired cardiac function which is unlikely to correct 
itself by spontaneous closure. To meet the second requirement, the 
patient must be observed over a period of time. In addition, there 
should be the assurance that a patent ductus exists as evidenced by the 
presence of a characteristic murmur, thrill, blood pressure, and x-ray 
signs as stated. 

Gross also stated that the operation should not be done in the presence 
of bacterial endocarditis. Touroff and Vessell,’^ feeling that ligation of 
the ductus might benefit the patient with a patent duetus who also had 
endocarditis, operated upon four eases. Operation in the first case was 
successful and the patient remained cured for thirty-six weeks, at which 
time the paper was published. The second patient succumbed to the 
disease, and the third and fourth patients died of liemorrhage on the 

table. 

OPERATION 

R E Gross, of Boston, deserves and unquestionably will receive last- 
' o- eco^nition for his excellent work in devising an efficient o]icrativc 

Vod for ligation of the duetus arteriosus. Tlie careful work of Gross 
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and liis colleagues, the thoi’oughness of investigations, the manner with 
which all presentations are made, and the strict selection of cases dis- 
tinguish all their presentations.®* ”* 

Jlunro,^" in 1907, first suggested the possibilitj” of ligating the ductus 
arteriosus, advocating a transsternal approach. According to Gross, 
O’Shaughnessy’® was the first to make the attempt, but it was not suc- 
cessful. Strieder’® made the next attempt in a patient who had subacute 
bacterial endocarditis, but obliteration of the vessel could not be achieved. 
It remained for Gross to be the fii-st to perform the operation success- 
fully. 

Some of the operative complications are as follows: 

1. Hemorrhage from the ductus during dissection. 

2. Sepsis. 

3. Pneumonia. 

4. Inability to identify the duet. 

5. Incomplete occlusion of tlie duct. 

6. Perforation of the duct by erosion from the ligature. 

7. Injury to the recurrent larjmgeal nerve. (This, however, would 
not be an important matter because the lai’j*nx would readily accommo- 
date itself to the injury of this nerve.) 

8. Postoperative thrombus. 

Postoperatively, Gross observed a cessation of the thrill, disappearance 
of the murmur (except in a few early cases where the single ligature 
apparently was not placed tightly enough, and residual murmurs were 
found), a definite rise of diastolic blood pressure, a diminished cardiac 
activity, a gain in weight and strength in the retarded children,- a return 
of the eardiothoracie ratio to normal, and cessation of bouts of cardiac 
failure in two patients wlio exhibited them preoperatively. 

The operative technique of other authors differs from the plan pro- 
posed by Gross only in details. Jones and Dolley®* also operated on 
thirteen patients with one fatality. In order to allow serous drainage, 
tile mediastinal ifieura is not closed. Pleural effusions are aspirated. 
They follow the teaching of Jlont Rcid=- in the selection of ligature 
material for ligating this large ve.s.scl, and recommend an umbilical tape 
ligature of woven silk of inch in width. More recently, Gross 
has been .supplementing the ligation of the ve.ssel by means of woven 
silk with a ligature of cellophane, weight 300, of the unsurfaced type. 
Herman Pearse, of Rochester, N. V., has shown by experimental work 
that cellophane markedly incrca.ses the proliferation of fibrous tissue of 
a vessel so treated. These authors point to Holman’s work®^ on arterio- 
venous fistula whore he showed that the obliteration of such a fistula 
causes an automatic rise of blood volume in the arterial tree. Hence, 
they feel that postojierative infusions and transfusions should not be 
used. Their one fatality was a case of iiostligat ion thrombus. 
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CASE KEPORT 

Tile patient 1). F., a girl aged 15 years, was first admitted to the Santa Rosa 
Ilosiiital, San Antonio, Texas, May G, 1!>41, on the niodica! service of Dr. Merton 
it. ilinter. Her complaints on admi.ssion were coiigli, lioadaclio, weakness, and 
dyspnea at all times. 

Vrcscnt Illness . — Tlie child was known to have liad a heart murmur since the 
, third day of iier life. At times she became cj'anotic, particularly on marked exertion 
and after cougliing. As a rule she had been able to carry on licr usual activities 
and play, but in tlio last few years she had gradually noticed more discomfort and 
respiratory distress. A pounding palpitation had been present as long as she could 
remember. Her general development had been retarded, more so within the last 
four or five years. Otliorwise, slie had been quite well. 

Pa.st History . — Previous to the first hospitalization, tlie patient had measles, 
chicken pox, and diphtheria, Slio had no operations and other than the conditions 
mentioned, she has enjoyed reasonably good health. Alenses have not begun. 

Physical Examination . — The patient is a pallid, thin, white female of about the 
stated age of fifteen years. She was somewhat dyspneic and slightly cyanotic. 
Tliere were no outstanding abnormalities of the head, neck, eyes, ears or throat. 

On examination of tlie chest there was limitation of expansion on the right. The 
right lung was dull to percussion tliroiighout, with tlie possibility of fluid at the 
right base. There was a loud, rough, maehinelike murmur in the left second and 
third interspaces with a palpable thrill. The murmur was audible over the entire 
precordium, but its greatest intensity was in the left second interspace. The temper- 
ature on admission was 101° F. 
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pjg. — preoperative electrocarcliographic traciiiB. These clianges are not character- 

istic of any definite form of heart disease. Myocardial damage is Indicated. 



2. — Postoper. ■ J i » ■ 
is seen. No other < ■ 
prior to the operatic 



' v-V,'-' *. tricing. A very mild digitalis reaction 

■I : -p;. are noticed which were not present 

rt rate. 


Lahoratory Findings.— The urine showed an acid reaction; tlie specific gravity 
1 020- there was a trace of albumin; tlie pus was 1 plus; and there was an 
ional'red blood cell in the microscopic study. The red blood cell count was 
000 • the white blood cell count was 10,350 ; the differential showed 75 per cent 
^’l ’ornhonuclears, 21 per cent small lymphocytes, 1 eosinophile, 3 transitional 
potym p forms. The hemoglobin was 84 per cent; the coagulation time was 


4.5 minutes. showed congestive changes in each lung witli increased density 

X-ray of ® inns The heart shadow was displaced well to the left 

above the hilura in the rigiit mng. 
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so that the apex was one-half inch from the left lateral chest wall. The pulmonary 
conus showed marked enlargement. 

An electrocardiogram taken at tliis time showed changesvnot characteristic of any 
specific heart lesion, but was indicative of cardiac damage. 

The patient obviously had an upper respirator}- infection plus congestive failure. 
A diagnosis of patent ductus arteriosus was first made by Dr. Cresswell, and later 
confirmed by Dr. Merton M. Minter and Dr. Heniy- N. Leopold. Treatment with 
sulfathiazole was instituted for the respirator}- infection. Digitalis and sal}-rgan 
were given for the congestive failure. She improved rapidly under the regime and 
on May 20, 1941, was able to go home for further rest. 

Second Admission . — Patient re-entered the hospital on June 26, 1941, for the 
purpose of further study and for surgery. The laborator}- findings were essentially 
the same as before except that the white count had fallen to S,600. The physical 
examination was the same as before except that the cyanosis and dyspnea were 
less marked, and the patient was fever free. The blood pressures taken in each 
arm and each leg were as follows: Bight arm, 118/50; left arm, 114/4S; right leg, 
160/20; left leg, 165/50. 

Operation . — The patient was operated on June 24, 1941. She was placed on her 
back with a small pillow under the left shoulder, and with the left arm. placed 
above her head. Cyclopropane anesthesia was administered by the intratracheal 
method. An incision was made on the left side of the chest, beginning at the 



Firr. 3. — Pre- and postoperative roentpeiiosTams. .-1. Note enlarged ventricle 
prominent pulmonar.v conus, and congestion of Wins of right lung. B Note disi 
appearance of the above signs. 


lateral border of the sternum and extending laterally to the anterior axillary line 
over the right second costal interspace. The skin was inci.«ed, and the pectoralis 
muscles were cut in the line of the skin incision. Tlie cartilages of the second and 
third ribs acre cut ju.st medial to the co.stocartilage junction. The pleural cavity 
wn.s opened through the second interspace. The lung «as collap.«cd and retracted 
posteriorly and downward, exposing the pericardium and mediastinum, along which 
could be seen coursing the phrenic nerve. The mediastinal pleura was picked tip 
gently witli fine forceiis and wa.s opened through an incision about two inches in 
length. Wginnmg at the base of the lung and extending upward toward the neck. 
The fatty areolar tissue was carefully dis-ected away, e.xposing the pulmonarv 
artery and the aortic arch. Further diss-ection cxpo-cd the vagu« nerve and the 
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recurrent lurj-ngcnl nerve nliieli was picked up and irnced medially until it disap- 
peared under tlie duclus. The thrill at its maximiitn nas found to ho over a vessel 
which extended fioiu the pulmonary artery to the aortic arch, entering the aorta 
.just opposite the loft subclavian artery. Tliis structure was four millimeters in 
diameter and about throe miUimetci-.s in length. It uas carefully freed from the 
surrounding tissues by blunt dissection until the anterior, medial, and lateral sur- 
faces were freed and thoroughly e.xposed. When this structure was pressed betnecn 
the thumb and indo.x finger, the tlirill of the heart immediately disappeared. A 
largo aneurysm needle was carefully passed under this structure, separating it from 



Tj. „ 4 photograph of patient D. F. tUusti-ating her frailness. Note incision in fiont, 

’ left anterior chest. 


the right bronchus. The lumen of this vessel was closed by traction on the silk 
which had been placed around it, and the condition of the patient was observed 
f ' a period of four or -five minutes. During the time that the vessel was held 
Tsed the blood pressure in the arm rose fifteen points and the patient exhibited 
toward svmptoms. When the ti.action was rele.ased, the thrill reappeared m 
no unt the auricle of the heart, and the blood pres.suie again 

the pulmon. sufficient evident to prove that the structure with 

dropped. n the ductus arteriosus, and it was accordingly doubly 

which wc were ' , ..u small amount of oozing was cneoiintered in the 

ligated With No. 8 braioeo sua 



kixon: ligatiox of patent ductus artebiosus 


39 


region of the recurrent lai'jngeal nene, but this iias controlled by pressure 111111 
moist gauze. No effort ivas made to close the mediastinal pleura because it iias 
felt that if any oozing should occur it iiould be better to haie it enter the thorax 
rather than to be held in the mediastinum The lung was then inflated by positive 
pressure. The cartilage iias sutured iiith No 32 annealed iiire. Two lengths of 
size No. 30 wire were passed around the second and third ribs, pulling them into 
apposition with each other. With continuous No. 1 chromic catgut lock sutures, 
the soft tissues uere closed. The skin was closed with a continuous silk lock suture. 

Follow mg the operation, the patient was taken to the x ray room and the chest 
fluoroscoped. The upper lobe of the lung was well collapsed; the lowei lobe, 
partially collapsed. There was an estimated 300 or 400 cubic centimeters of air 
3 ust above the diaphragm. The thrill of the heart had entnel) disappeared. 

Fostoperatne Course — On the fiist postoperatne day, the pulse was 128, but no 
murmurs were discernible and the thrill was entiiely absent. The patient’s respira- 
tions were 24. She complained a gieat deal of pain when awake but was somnolent 
most of the time. On auscultation, breath sounds were markedly diminished at the 
left base. Percussion was hyperresonant on the left, indicatmg the presence of left 
pneumothorax. An x ray picture taken at this time revealed the light lung to be 
relatiieh clear. There was shown an increased density over most of the left lung 
extending from the second rib antenorly to the base. Considerable emphysema 
was present m the soft tissues sunounding the chest wall. The film made with the 
patient Ijing on the right side showed the presence of pneumothorax. The blood 
pressures taken in each arm and each leg were as follows: Right arm, 125/85; 
left arm, 125/85 ; right leg, 135/90 ; left leg, 120/80. 

On the second postoperatiie day, the patient was lery restless and cjanotic most 
of the day. A thoracentesis was done and 720 cubic centimeters of serous fluid weie 
withdrawn from the left pleural cavit). The following daj, the respirations were 
less labored. The patient was given sulfathiazole for three days as a prophylactic 
against pneumonia and digitalis postoperatnely. 

She continued to improie steadily- complaining less each day of pain. By July, 
1941, she was allowed to sit up a little each day. The wound healed by primary 
intention. Her temperature, pulse, and lespiration were normal. She was dis 
missed from the hospital on July 7, 1941, with no complaints. 


COMMENT 

Ligation of a patent ductus arteriosus has undoubtedly’ been estab- 
lished. Whether it will decrease the incidence of endocarditis is uncer- 
tain, especially in view of the postligation infected thrombus cited by- 
Jones, Dolley, and Bullock In spite of tliat single ease, there seems 
to be reason to belies e that the operation may be successful in this re- 
spect The use of the operation as a curative measure for patients with 
endoeaiditis and endaiteiitis must be regarded as highly experimental, 
but in view of the relentless com so of the untreated disease, furllier 
oiierative undertakings aie certainly in order. 
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ANTERIOR DISLOCATION OP THE DISTAL EXTREMITY 

OP THE ULNA 

Report of a Case 

Pr\xk J. Cox, M.D., New Orleaxs, La. 

(From the Department of Surgery, Diitsion of Orthopedics, School of Medtcttte, 

Tiilane UntiersityJ 

A n anterior dislocation of the distal extremity of the ulna is 
' undoubtedly a rare lesion, yet the distinctive mechanics of its 
production and the peculiar local pathologic changes make it an ex- 
tremely interesting one. A report of the findings in a recentlj-^ treated 
ease was considered worth while. 

CASE report 

A. A., colored female, aged 37 jeais. On Aug. 3, 19il, tlie patient was ndmg 
m a car which turned over. Tlie dorsum of the forearm was on the ground, and 
the side of the car came down upon the flexor surface. Quite a bit of straining 
and twisting were necessary for the patient to disengage the arm. The patient 
had immediate pain and swelling at the wrist, with inability ‘to use the wrist 
without increasing the local pain. She was brought to the hospital. Xrajs weie 
taken and reported as negatne, hence the patient was told to applj hot soaks and 
to rest the extremity at home. 

Three weeks later the patient returned to the hospital complaining of persist 
ent throbbing pain in the right wrist. The pain became quite sharp mth ant at 
tempted wrist motion or hand flexion. The pain was always referred to the \olar 
aspect of the wrist. The swelling locally was most marked at this point but also 
extended distally to the finger tips and proximally to the midforearra. 

On examination there was marked swelling of the whole distal third of the 
forearm, extending onto the hand. Point tenderness was localized oier the \olar 
aspect of the distal radioulnar joint. The distal extremitj of the ulna was 
palpable in its dislocated position orer the rolar aspect of the wTist. Renew of 
the X raj films (Pig. la and h) taken at the date of original examination three 
weeks previously showed the anterior dislocation of the ulna mth a fracture of the 
ulna stjloid process hlotions at that time were 
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On \iig I'.Ol, an open reduction was done. The incision was made trans 
verseU •!. ross the wrist joint to the ulnar stjloid and extended cephalad for a dis 
of upproxim-itelj two inches (Fig. 2a) The skin flap was rttractod, and 
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dissoetion curried down along the edge of the flexor digitorum profundus, to the 
iinlerior aspect of the w.ist joint. The distal extremity of the ulna was found 
lying upon the anterior aspect of the radius and displaced almost 1 cm. toward 
the radial side of the wiist. This di.splaccmcnt was firmly fixed by the contracted 
pronator quadratus muscle (Pig. 21,). The capsule of the wrist joint was opened 
transvcr.scly to expose this area for inspection. The triangular ligament and the 
detached ulnar styloid remained in their noimal positions flrmly attached to the 



1 a Typical displacement of ulna toward radial styloid process 6 Typical 

onterior displacement when true lateral x-ray projection is made c. Anteioposterlor 
view after reduction, d Lateral view postrcduction. 


capsule and could not be displaced when giaspcd witli a forceps. No damage had 
occurred to the articular cartilage of tlie radius or ulna at the distal radioulnar 
• ■ t Pollow’ing incision of the capsule and complete exposure of tlie radioulnar 
• f" neriosteal elevator was inserted as a lever and an attempt made to reduce 
r*”'blv the dislocated ulna. Even with strong force fliis could not he accomplished, 
form y pronator quadratus wa.s released from the lower one and one-huif 

i^cLro^the ulna, and immediately the dislocation could lie reduced u.sing an elevator 
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as a lever. Full pronatida and supination could be demonstrated once this was 
done. The origin of the pronator quadratus was reattached and a capsnlorraphj- 
done to reinforce the support on the anterior aspect of the distal radioulnar joint. 

The wrist and elbow were immobilized in a plaster of Paris splint maintaining 
the forearm in full supination, and held in this position for three weeks. Physio- 
therapy in the form of whirlpool baths, massage, and graduated exercise was con- 
tinued for an additional three-week period. 

At date of the last examination Ifov. 21, 1941, the patient had resumed full ac- 
tivity as a housewife and maid, using the WTist and hand without disability, except 
for a sensation of slight stiffness in the wrist with full supination. Motions at 
this time were 
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Full range of linger motion. 



DISCU.SS10X 

UneoiiipHcatefl anterior dislocation of the ulna was described for the 
first time liy P. Desault in 1791 as an incidental finding on a cadaver. 
A eoniplele description of the mechanics and a discussion of the im- 
mediate care were published by Cotton and Brickley in 1912' together 
with a resume of 27 eases reported in the literature, in which resume 
the exact mechanism of produelion of the dislocation is recorded. As a 
result of their investigations Cotton and Brickley felt that there were 
at least two mechanisms by whicli thi.s lesion could he produced: 
( 1 ) forced supination and (2) direct backward force on the hand with 
the ulna fixed mcelinnieally or hy force of triceps nicchaiiisni. There 
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IS no evidence to dispute tlielr conclusions. An interest in the lesion 
was aroused for a short time,=-' yet no description of the mechanics 
of the production of an antei-ior dislocation of the ulna, or of its aftercare 
has been included in aiiy of the recent litei-ature. In 1937 Vergoz and 
Clioussat” reported sixty-eight cases compiled from the literature, but 
not including ajiy of those reported in this country. Their report how- 
ever is concerned with the reconstruction procedure used in the care 
of an old unreduced dislocation of the ulna. 



Pis- 3.— A. Styloid process of ulna. B. Attachment of triangular ligament to radius. 
C. Shaft of ulna displaced anteriorly and impinging upon volar aspect of radius. Z>. 
Triangular ligament. 


Probably anterior dislocation of the ulna is always associated Avith 
either a fracture of the ulnar styloid or a tear of the triangular liga- 
ment at its point of insertion into the styloid process. When seen early 
before spasmodic contracture of the pronator quadratus muscle has 
occurred, reduction of an anterior dislocation of the ulna should be 
easily accomplished. The main force resisting reduction is the pull of 
the pronator quadratus. Where the interosseous membrane is not torn 
the displacement of the ulna may become mechanically fixed on the 
anterior aspect of the radius (Pig. 3). Traction against this force 
manually Avould be made much more effective with the administration 
of general anesthesia, or regional block anesthesia. In the more re- 
sistant cases, either skeletal traction exerted on the ulna itself or the 
use of a leAmr inserted betiveen the radius and the ulna might be utilized 
with effect. 

Where the dislocation has been allowed to remain for a period of 
time sufficient to alloAV cellular infiltration and fibrosis Avithin the sub- 
stance of the pronator quadratus muscle to occur, open reduction be- 
comes necessary. Early simple open reduction followed by a capsulor- 
ranhv ffives a satisfactory result. Later a more radical procedure must 
be done because of the organization Avhich has developed in the distal 
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radioulnar joint. Saiive and Kapandji® adiise the production of a 
pseudoarthrosis in the ulna at the level of the distal third with re- 
placement of the head of the ulna in its normal relationship with the 
radius, so as to alloiv free pronation and supination, yet prevent ulnar 
deviation of the hand at the wrist. Resection of the distal extremity 
of the ulna as advised by Darraclri ivould give a perfectly satisfactory 
result. 

The disturbance in function of the flexors and extensors of the hand 
associated with this tjTpe of dislocation is suiSciently severe that 
emphasis must be laid upon the importance of reduction at the earliest 
possible moment. 
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3E0SS PATHOLOGIC ANAl'OMY OP THE UNUSUAL SHOULDER 
SPECIMENS IN TWO HUMAN CADA^USRS, WITH SOME 
EEJIARKS RELATWE TO THE SURGICAL 
SIGNIFICANCE OF THESE FINDINGS 

Thomas Horwitz, M.D., Philadelphia, Pa. 

. Unreduced Anterior Subclavicular Dislocation of the Head of 
THE Humerus of Two Years’ Duration 

r HIS shoulder joint specimen is noteivortiiy because of the following 
features : 

1. The anatomic relations of the dislocated humeral head, and the 
lathologic changes in the hones and soft tissues of tlie old and new 
irticulations are defined. 

2. The relative margin of safety to the adjacent vessels and nerves, 
nd the functional integrity of the nearthrosis are emphasized. 

3. The anatomic findings in this specimen of only two years' duration 
iidicate that surgery of considerable magnitude v'ould have been neces- 
ary to mobilize and reduce the dislocated humeral head, and that if 
eduction had been successful, in view of the advanced degenerative 
hanges involving the humeral head and glenoid fossa, any procedure 
ther than a resection of tlie humeral head or an arthrodesis of the 
boulder joint wig'ht hare proved inadequate. Indeed, the functionai 
fficiency of the new shoulder joint, as was gathered from the historj'' 
f the patient and as may be interpreted from the anatomic findings, 
light have made the wisdom of operative interference in this case 
uestionable. 

GROSS ANATOMIC FINDINGS 

The specimen was obtained from the cadaver of a ivhite female, aged 
9 years, whose death had been due to a malignant lesion of the large 
atestine with metastases. She had sustained a traumatic dislocation of 
he right shoulder joint two years prior to her death, that had remained 
ncorrected after several attempts at closed reduction had failed. 

Eight Shoulder Region . — The undisseeted right upper extremity 
ould be abducted at the shoulder to 45°, internally and externally 
otated 45° each, and flexed and extended 45° each. 

Muscles: The deltoid muscle was well developed and overlay the 
t fflenoid cavity. The coraeobrachialis, short head of the biceps, 
nd pectoralis minor muscles, arising from the coracoid process, stretched 
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across the humeral head anteriorh'. The teres major and pectoralis 
major muscles u'ere attached to the margins of the bicipital groove and 
merged with the thick capsule enveloping the humeral head. The sub- 
scapularis lay below and anterior to the head and retained its insertion 
to the lesser tubercle. The long head of the triceps muscle was attached 
to the infraglenoidal tubercle. The combined tendons of the supra- 
spinatus, infraspinatus and teres minor muscles (the musculotendinous 
cuff) overlay and terminated in the soft tissues filling the old glenoid 
cavity, having become completely detached from the greater tubercle. 


cl. 



Fig 1 — Anteroposterior roentgenogr.aphic Men of the right shoulder region of 
Cada^er 1 The head of the humerus Oi h ) is displaced to a position anterior to the 
scapula (s ), medial to the glenoid fossa Iff f ) and the coracoid process (cp.), and 
infeiior to the middle thlid of tlie clariclc (cl ). There is marked decalcldcation of the 
bonis Tlie articular suifacc of tlie humeral head is nell deflned, regular, and con- 
\i\. in its innei tno-tiilrds, nhile its outer onc-third Is Irregular and flattened. 


Vessels and Xerve.s; The axillary vcsbcls and brachial nerve plexus 
were delleeted medialward and were angulated over the medial aspect 
of the luinierul head. Tlie.se structures were not visibly flattened or com- 
piessed and they jireseiited no gross histologic changes in the region of 
the di.sloeated humeral head. The lumina of the vessels were patent, the 
arteries ttere well in.ieeted, and there were no varicosities. All of the 
inuseles of the right shoulder, arm, forearm, and hand were a.s well 
iif\elo])ed iis those on the left .side, indicating tlie integrity of the nerve 
plexus during life. 

Tlie .Nearthrosis: The humeral head was dislocated to a position 
anterior to the seapula, medial to tlie coracoid ])rocess and beneath the 
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middle third of tlie clnvielc (Pigs. 1 and 2). The head of the humerus 
was covered hy a thick capsule, measuring 3 to 4 mm. in thiclmess, that 
was adiicj-ent to tlie anterior surface of the scapular neck and that was 
attached, laterally, to the medial margin of the hypertrophied coracoid 
process. The anterior, medial, and inferior portions of the capsvde were 
iiiseparahle from the overlj^ing muscles. The capsule was opened hy 
severing its coracoid attachment. Its inner surface was shiny and smooth 
and its cavity contained about 5 c.c. of yellow, mucoid fluid. It was 
somewhat flbrillatcd in the region of the lesser tubercle. The new joint 
cavity was completely closed and had no connection with the original 
glenoid cavity (Figs. 2 and 3). ilicroscopically, the lining of this 
new capsule was composed of one or more layers of flattened, modified 
connective tissue cells (Pig. 4). 



Fig-. 2. — The right shoulder specimen of Cadaver 1, viewed anteriorly. The dis- 
located humeral head (/i.7t.) has been exposed by severing the overlying thick capsule 
<c 1 at its attachment to the hypertrophied coracoid process (c.p.). Tliis capsule lias 
hppn reflected to expose its shiny articulating surface which is smootli tiiroughout 
pvppnt for some fibrillation in the region of the lesser tubercle (l.t.). The cartilage 
pvpr the medial two-thirds of the humeral head is fairly well preserved, altliougli 
°lndiflpd It is absent over the flattened lateral one-third of the head of the humeius 
7 * 1 . 0 1 Tvirtion articulating with the coracoid process), with e.xposure of the underly- 
hprip which is densified. The greater tubercle (p.t.) is smooth and without 
attacliments, and the bicipital groove is slialiow. The acromioclavicular 
Jofnt (ac-fi-) shows advanced degeneration of its fibrocartilaginous tissues. 

Coracoid Process: This was hypertrophied and presented on its 
medial aspect two facets, one posterosuperiorly and the other antero- 
• f " Iv that were smooth and eburnated and that articulated with 
Te lateral portion of the humeral head (Figs. 2, 3 and 6). 

TT meral Head; This was hypertrophied and approximately one- 
third larger than the head of the left humerus. Its medial two-tliirds 
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was covered vdth thin, irregular and degenerated cartilage, while its 
lateral one-third was denuded of all cartilage with exposure of the 
ehurnated subchondral bone. The humeral head was flattened eonsider- 
ablj' in its posterolateral portion and this region of the head articulated 
with an area on the anterior surface of the scapular neck, Just medial to 
the glenoid fos.sa, that was elevated and relatively smooth, but the 
periphery of which was quite irregular, especially inferiorly and 
medially where the proliferative bone formed actual ledges. The thin 
posterior portion of the capsule was interposed between the humeral 



FlK. 3. — Thf right shouUler specimen of Cadaver i, viewed from above, Tlie 
humoral hoii*! (h.h.) has been rotated from Us position in order to expose the new 
slioidder cavity. The Internal surface of the tltickoned capsule (r. ) of this 

closed caMty is sinootfi and shiny. Tlio features of tlie Imnierai articular surface 
are well demonstrated from above. The media! two-thirds are covered with thin, 
ntodilled hNiiUne cartilage, and the outer one-tidrd (that portion articiiJuting with 
the coracoid process c.jij) is rough. Irregular, and denuded of cartdage with ex- 
posiin’ <»f tlie subchondral hone, Tliere is considerable flattening' of the po.sterolateral 
portion of tije numeral head, uiUch area hud articulated with the anterior surface 
of tile '^capumr nj'CK. Tlie degenerated cartilage of the articular .surf.ace of the re- 
neePM clavicle (rh) Is demonstrated. 

head and the modified anterior surface of the seajuilar neck. The greater 
tulierele was .siiiootli and without tendinous attachments. The medial 
and lateral hordens of the Iiieipital groove were less pronouneed and 
the bicipital suleiis was more shallow in the rigiit luimoriLs than in tite 
left linmertis (h'igs. 2, 2 and (1). 
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Glenoid Cavity ; This was shallow and diminished in its antero- 
posterior dimensions, duo jjossibl.v to fracture and displacement of tJie 
anterior lip of the fossa at the time of dislocation. The glenoidal labrum 
and the joint cartilage Avere ab-sent, and the glenoid caAUty was filled 
Avith soft tissue and the terminal portion of the musculotendinous cuff. 
The tendon of the long head of the biceps brachii muscle Av^as intact and 
stretched from its attachment to the suimaglenoidal tubercle, across the 
glenoid fossa to enter the bicipital grooA’c about 4 cm. beloAV the tubercles. 
The caA'ity of its sheath had no connection AAuth the ncAv shoulder joint 
caAuty, but communicated at its posterior extremitj’’ through a small 
opening Avith the glenoid fossa (Fig. 5). 





Fjej 4, Photomicrograph (X50) of a section of the capsule from the new shoulder 

ioint of Cadaver 1. The articulating" surface is lined by flattened, modifled connective 
tissue cells, supported by compacted connective tissue and muscle fibers. 

Scapula: This Avas lighter in Aveight than the left scaptila, despite 
the excessive proliferation of bone in tlie region of the glenoid cavity, 
acromion and coracoid processes, and scapular neck. The body of the 
scapula Avas thin and transparent. Tliere Avas considerable atrophy 
of the cancellous and cortical bone of tlie head, neck, and shaft of the 

right humerus (Pig- 6). 

"other Articnlatioius. — Advanced degenerative changes Avere present in 
e left (undislocated) shoulder joint, botJi acromioclavicular joints, both 
fmee^ints, both elbow joints, and the spine. 

ft ShoAilder Joint: There Avas a complete orcular defect (2 cm. m 
Licit musculotendinous cuff, Avith marked fibrillation of the 

diameter) ui ^-emaining portions of the cuff. The long bicipital 
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tendon M^as considerably frayed and degenerated and had become de- 
tached from the snpraglenoidal tubercle. The cartilage of the glenoid 
fossa and humeral head was thinned and fibrillated, and in areas it ^Yas 
absent with e.Yposure of the underlying subchondral bone. The margins 
of the glenoid cavity and the humeral head were irregular due to bony 
proliferative and regressive changes (Pig. 7). 



FiB- 5 — Lateral \ icw of the right shoulder specimen of Cadaver 1. The long 
hicipdal tendon th.t. ) is int-act and extends, within its own sheath, from the 
supruKlenoidal tubercle to enter the bicipital groove of the humerus about 4 cm. be- 
ioa the tubercles The cavity of the sheath is closed except for a small posterior 
communication with the glenoid fossa {Indicated by marker). The musculotendinous 
cuff (m.c. ), which teiminatcd in the soft tissues fllling and overlying tlie glenoid fo.ssa 
(Of.), has been cut away to expose the contents of the latter. The position of the 
humeral licad (.h.h.) and shaft anterior to the scapula (s.) is well demonstrated. 


D1SCU.«SI0N 

Specimens nf imfcrior dislocation of Uio iuimcral head have been de- 
scriticd liy Flower,* Broca and IIartiiian,= Dclbot,’* Pa.seali.s and Jlonad,^ 
Amainlis. ' Pctit-lhUailH.s,'* and Funck-Brciitaiio.’ These authom have 
strc-sscii certain features whicli are well demonstrated in the .specimen 
herein deserihed ■. the (laUened pastevior portion of the enlarged head 
which artienliites witii tlie sea])iila and the inferior surface of the 
(.(iriieoid proee.ss; the fonnafiou of a new “glenoid fossii” oti tlic anterior 
surface of the neck of the scapula; the now capsule envelojiing Use head, 
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tliat is formed, in pari, from the deep surface of llie subscapularis 
muscle, and that is reinforced, posteriorly, by the tendons of the short 
lotatoi muscles; the occasional ossified bodies 'vvithin the tendons of the 
subscapularis and infraspinatus muscles, that articulate u'ith the 
luunei’al head; the displaced tendon of the long head of the biceps 
muscle, and the contracted subscapularis muscle, both of which interfere 
with mobilization of the dislocated humeral head. In these descriptions, 
the axillary neurovascular structures .were usuallj' situated medial to 
the head of the humerus, although in the case of Funck-Brentano' they 
lay external to the head and within a 'gutter formed in a bonj' plaque 



Fig:. 6. — The macerated bones at A are those from the dislocated shoulder Joir 
specimen of Cadaver 1, and those at B are for comparison and were removed iroi 
the grossly normal shoulder joint of a ‘l«l-year-old colored female. 

1, Cephalic view of the acromial end of the clavicle ; 2, anterior view of the scapula 
5 cephalic view of the humeral head ; cephalic view of a transection of the shaf 
4^ cm. below the anatomic neck. 

A-J demonstrates marginal proliferation at the acromial end of the clavicular seg 
ment A-2 demonstrates irregular bony proliferation involving the acromion process 
tVip rnracoid process, and the anterior surface of the scapular neck at the site of tin 
T>ow “c-lenoid fossa.” There are two articular facets on the inferomedia! surface of tht 
wn^prtroDliied coracoid process. The body of the scapula is tliin and atrophic. A-i 
I flip flattening of the posterolateral surface of the dislocated humeral head, th< 

shows I gytjchondral bone, especially in the lateral one-third, and th( 

irreguiai creater and lesser tubercles. A-} demonstrates the advanced atrophj 

regression otai cancellous bone in tlie region of the iwmenil shaft, with relati\’€ 

enIar|cment‘ot the marrow cavity. 


within the subscapularis muscle. Atrophy' of the deltoid muscle, indica- 
tive either of injuiy to the circumflex nerve or of disuse, was an occa- 
sional feature. ,11 . 1 r 

of these complete shoulder specimens and in many of tlie 
humerTuieads resected by surgeons in the past lor the correction of 


® ocafioQ an(7 ‘ defect” ; of fjjp , ® ®^'QipJe flp*. 
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evidence was interpreted as favoring tlie belief that this flattening was 
attritional in origin, it cannot be denied tliat it might liave represented 
an area of compression of the humeral head. 

The pathologic anatomy in an acute anterior (snbcoracoid) dislocation 
consists of the following — the humeral head passes through the anterior 
and inferior portion of tlie joint capsule at its glenoidal attachment, 
often carrying with it tlie anterior rim of the glenoidal labrum or the 
anterior lip of the bony fossa, and the margins of the capsular defect 
envelop the upper humeral shaft. The deltoid muscle and the musculo- 
tendinous cuff (short rotators) are stretched across the glenoid cavity 
and the latter ma}"^ be avulsed at or near its bony attachments. The 
humeral head is displaced anterior to the scapula and deep to the sub- 
scapiTlaris muscle. The tendon of the long head of the biceps muscle is 
displaced from the upper portion of the bicipital groove, with or with- 
out fracture of the greater tubercle, and it spans the glenoid fossa if it 
retains, as it often does, its attachment to the supraglenoidal tubercle 
(Key and Gonwell^^). 

In old dislocations of the shoulder joint, as indicated in pathologic 
material and bj^ the experience of those who have operated upon such 
cases (Codman,^^ Cubbins, Callahan, and Scuderi,^^ Meng and Miltner,“ 
BennetC®), obstacles to closed or open reduction may be; the contracted 
and fibrosed subseapularis, pectoralis major and/or latissimus dorsi 
muscles; the tendon of the long head of the biceps muscle when it lies 
posterior to the head of the humerus and spans the glenoid eavit 3 ’'; the 
periarticular fibrous tissues (new capsule and its attachments) which 
bind the hi^meral head in its abnormal position; the torn musculo- 
tendinous cuff when it overlies and attaches to the soft tissues filling the 
glenoid fossa; the glenoid cavity, tliat becomes deformed by marginal 
bony proliferation and, in some instances, by loss of its anterior lip, 
and that loses its articular cartilage and becomes filled with sear tissue ; 
the irregular proliferative bony process between the glenoid fossa and 
the articular surface on the neck of the scapula that receives the dis- 
placed humeral head ; and the head of the humerus, that becomes hyper- 
trophied and deformed and that loses its articular cartilage. Such 
changes in the bonj’^, cartilaginous and synovial tissues may interfere 
with the reconstruction of a satisfactorj’- shoulder joint even following 
the successful mobilization of the humeral head bj*^ division and release 
of the contracted tissues. 


II Advanced Degenerative Disease of the Shoulder Joint 

These shoulder specimens from the same cadaver are noteworthy be- 
eausrof their following features : 

1 mbev represent the most advanced stage of the degenerative 

‘tiv.t mav involve this articulation. 

processes that ma} i* 
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2. The character of the degenerative lesions, such as the ebnrnated 
articular surfaces and the formation of several nearthroses, indicate that 
function maj' be preserved in the presence of advanced degenerative 
Joint disease. 

3. The ossified plaques m the deltoid muscle, bilaterally, which served 
as part of the receptive articular surface for the humeral head, represent 
bony metaplasia in the muscle and were probably produced by functional 
forces brought to bear by the humeral head after its erosion through the 
musculotendinous cuff. The shadow of these bony deposits on the 
roentgenogram could be misinterpreted for calcifications within the 
musculotendinous cuff or paratendinous soft tissues (Fig, 8). 



PiK. 8. — Anteroposterior roentgcnograpliic view of t)ie right and left shoulder 
specimens of Cadaver 2. In botli specimens tlio humeral liead (/i.li.) articulates with a 
deep, acetabulum-Ukc socket, made up of an ossified plafiue (o.i>.) within the deltoid 
muscle at its acromial attachment, the acromion process (o.p.), tiie acromial end of 
the clavicle tcl.l. and the glenovd fossa. tg.f.V 

GROSS AXATOMIC FIXDIXGS 

The specimens were obtained from a colored female, aged 77 j'ears, 
who had died of l>vonehopneumonia. 

Shoulder Joints . — The advanced degenerative and proliferative 
chaiiscs were siiniiar in the right and left shoulder specimens, but were 
more marked on the right side. 

The liuiiieral head wa.s observed to liave eroded completely through 
tlie superior portion of the iiuisevilotendinous cuff of the shoulder (com- 
tiiued siipi'as(»iiiatiis. iiit i’a.spinatus, teres minor and subsea]ntlavis ten- 
dons), and only tiie peripheral attachments of this cuff and of the cap- 
sule remained. The humeral head arlieulated not only with the glenoid 
fossil hut also with hroatl facets, formed by considerable bony prolifera- 
tion, on the deep surface of the acromial end of the clavicle and on the 
deej) surlace of the aeromion proccs.s, and will) a bony plaque within the 
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evidence was interpreted as favoring the belief that this flattening was 
attritional in origin, it cannot be denied that it might have represented 
an area of compression of the liumeral head. 

The pathologic anatomy in an acute anterior (subeoraeoid) disloeation 
consists of the following — the humeral head passes through the anterior 
and inferior portion of the joint capsule at its glenoidal attaehment, 
often carrying with it the anterior rim of the glenoidal labi'um or the 
anterior lip of the bonj' fossa, and the margins of the capsular defect 
envelop the upper humeral shaft. The deltoid muscle and the musculo- 
tendinous cuff (short rotators) are stretched across the glenoid cavity 
and the latter may be avulsed at or near its bony attachments. The 
humeral head is displaced anterior to the scapula and deep to the sub- 
seapularis muscle. The tendon of the long head of the biceps muscle is 
displaced from the upper portion of the bicipital groove, with or with- 
out fracture of the greater tubercle, and it spans the glenoid fossa if it 
retains, as it often does, its attaehment to the supraglenoidal tubercle 
(Ke}'' and Conwell”). 

In old dislocations of the shoulder joint, as indicated in pathologic 
material and by the experience of those who have operated upon such 
cases (Codman,“ Cubbins, Callahan, and Scuderi,^^ Meng and Miltner,^^ 
Bennetff®), obstacles to closed or open reduction may be : the contracted 
and fibrosed subscapularis, peetoralis major and/or latissimus dorsi 
muscles; the tendon of the long head of the biceps muscle when it lies 
posterior to the head of the humerus and spans the glenoid cavity; the 
periarticular fibrous tissues (new capsule and its attachments) which 
bind the humeral head in its abnormal position; the torn musculo- 
tendinous cuff when it overlies and attaches to the soft tissues filling the 
glenoid fossa; the glenoid cavity, that becomes deformed by marginal 
bony proliferation and, in some instances, by loss of its anterior lip, 
and that loses its articular cartilage and becomes filled Avith sear tissue ; 
the irregular proliferative bony process between the glenoid fossa and 
the articular surface on the neck of the scapula that receives the dis- 
placed humeral head ; and the head of the humerus, that becomes hyper- 
trophied and deformed and that loses its articular cartilage. Such 
changes in the bony, cartilaginous and sjmovial tissues maj' interfere 
with the reconstruction of a satisfactory shoulder joint even following 
the successful mobilization of the humeral head by division and release 
of the contracted tissues. 


II Advanced Degenerative Disease of the Shoulder Joint 

These shoulder specimens from the .same cadaver are noteivortliy be- 
cause of their following features: 

Thev represent the most advanced slago of the degenerative 
process? that may involve IhLs articulation. 
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strated considerable bony proliferation, especially along their articular 
margins and in the region of the tubercles. This process was more ad- 
vanced on the right humeral head where the bony proliferation had 
formed overhanging ledges (Figs. S, 9, 10 and 11). 

The synovia was thickened and in areas demonstrated villus and 
nodule formations. The deep surface of the deltoid muscle, adjacent 
to the bony plaque, was markedly tibrillated. The biceps tendon within 
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substance of tlie tliinncci deltoid muscle at its origin from the acromion 
process. These four bony sui-faees were separated from one another b.y 
narrow zones of fibrous tissue, yet their deep, concave surfaces presented 
one continuous, smooth articuhar surface for the reception of the humeral 
head, resembling very much an acetabulum. On the right side only, 
the normal interval between the glenoid fossa and the acromion pz’ocess 
was completely filled with bone and this area was also smooth and 
eburnated. The cartilage of the glenoid cavity was fibrillated and 
thinned, and it was absent in the center of the fossa with exposure of 
the underlying bone. The glenoidal labrnm was absent and replaced by 
mai’ginal bony prolifei'ation, especially anteriorl.v and posteriorly. The 
outer half of the humeral head (that is, that part articulating with the 
acromial end of the clavicle, acromion process, and the deltoid muscle) 



TTjg- Q ^The right and left shoulder joints of Cadaver 2 have been opened in order 

fipmnnstrate the acetabulum-Iike sockets with which the degeneiated articular sur- 
- Ii. - VioH <1 T*t rlopn vpppdIivp siirfnm. in both SDOCi- 


plaque'^^o!}") within tlic deltoid 'muscle. Oi 
ruff (in.c.) remain, the luim^ 
»ii"‘ i*i- u:-: '' portion of the cufT» s 
!. . • I ■ ■ f..." surfaces. 


Only the peripheral attachments of the mus- 
Iiumeral head {h.h.) having eroded completely 
so as to articulate directly with the above 


was flattened, eburnated in areas, .smooth on the loft side and very ir- 
lar on the right, and showed complete loss of its articular cartilage. 
The' articular caidilagc of the medial half of tlie humeral head (that is, 
flint nortion articulating witii the glenoid fo.s.sa) was preserved Imt wa.s 
-a thinned and fibrillated, ami it was absent in .small areas 

^'posiire of the subchondral bone. The linmeral heads demon- 
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there is a failure of reparative px'ocesses to function adequately. A con- 
tributory factor of predisposition lias been suggested, that is, that the 
type of cartilage inherited niaj^ be responsible for the earlier and 
moi-e extensive changes encountered in some individuals (Bauer and 
Bennett'*). That there may be constitutional factors, such as metabolic 
disorder or endocrine d.vsfunction, has been suggested but not proved. 
Generalized degenerative arthropathies are seen in such a metabolic 
pigmentaiy disorder as ochronosis. It has been demonstrated experi- 
mentally in laboratoiy animals that articular cartilage may become 
modified through the effects of excessive administration of certain hor- 
mones (Silberberg and Silberberg'®), and it is possible that the depriva- 
tion of such hormones may also exert some deleterious effect on joint 
structure. 



® sesmcnt ot one of the o‘=sinea plaque*! 
In 11 This nomonsinites adult lamollai bone axchitecture, \Mth v^ell-fornied 


llie writer lias oxaniincd most of the articulations of (he upper and 
lowci' osticmitics and of the spine of forty-three eaduvers, of w'inch forty 
woi'c male and two lemalc, twenty-six white and seventeen colored, and 
age.s \arying from 22 to S.", yeais. lie has observed that, as a rule, 
llic scMTity and extent of the dogeneratixe lesions wliicli involved the 
jDinls. uros-sly, were directly proportionate to the age of tiie .subject. 
The .loint.s involved by degencrati\e procc.sscs in the order of tlicir fre- 
iliiciicy ami seventy were: (1) zvfrapophyMal joints of the .spine. (2) 
Umw joints, (d) shoulder joints. (4) fir.st mctatai.sophalangeal joints. 
I.", I in-i-oniioelfi\ ieiilar joints, ((>) elhow joints. (7) stornoclavieular 
joinls. th) teinpoi-onnindibiilar joints. {!)) wrist joints. ( 10 ) fii-st mela- 
,.,u IM'l'halanifeal joints, (11) hip joints and (12) ankle joinls. These 
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tlie bicipital groove was fraj^ed and flattened and it was attached to 
tlie bone at the proximal end of the bicipital sulcus, its capital portion 
being absent. 

The oval-shaped plaques within the deltoid muscle measured 46 mm. 
in length, 22 mm. in width, and 4 mm. in thickness in the right shoulder 
specimen, and 26 mm. in length, IS mm. in width, and 3 mm. in thick- 
ness in the left shoulder specimen. Tlieir concave articulating surfaces 
Avere smooth and eburnated, while their superficial convex surfaces were 
irregular and merged ivith the fibrous and muscular elements of the 
deltoid (Fig. 11). Histologically, these plaques consisted of compact, 
adult lamellar bone (Fig. 12). 



TPic- 11. The oval-shaped bony plaques from the right and left shoulder specimens 

of Cadaver 2 are viewed from their deep, articulating side. These surfaces are con- 
cave, smooth, and eburnated. 


Othei- Joints. — ^All of the other articulations in tliis cadaver shmved 
degenerative changes in tlie sjuioida and capsule, and variable pro- 
liferative and regressive changes in the osseous structures. These lesions 
Avere very advanced in both knee joints, especially on the right side. 
They Avere moderately advaneed in both acromioclaA'icular joints, bodi 
temporomandibular joints, the left elboAv joint, both Avrist joints, and in 
the small joints of the hands and feet, and these lesions Avero minimal, 
"i-ossly, in both hip joints, both ankle joints, and the right cIIioav joint. 

DISCUSSIOK 


ne^enerative joint disease is the result of Avear and tear proce.sse.s, of 
. ° rl -iTP and of repeated trauma Avhich may bo caused in a Aarietj 

Ivaiice o . relation to specific or nonspecific inflammatory 

- mi.prp is evidence to support Jlcyer’s hyjiothcsis of nltri- 

Tocesses. addition to trauma and long-continued u.se 


Aon, 


16 , 1 ' 
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matory reaction is initiated by their extrusion into an adjacent bursa 
or tendon sheath. No adequate explanation has been offered to explain 
the oi’igin of such calcific deposits. In an examination of the microscopic 
features of specimens removed surgically from thirteen such supra- 
spinatus tendons with calcific deposits, variable degenerative and acute 
or chronic inflammatoiy processes were observed in the tendinous and 
paratendinous tissues. The areas of calcification were situated usually 
in the densely fibrous, poorly cellular and less vascular regions, and in 
no instance was there evidence of ossification in association with the 
calcified deposits. The failure of association of the latter two processes 
has been observed also in other forms of dystrophic calcification. 

Codman'- stated that he had found no instance of proved ossification 
of the supraspinatus tendon in his extensive anatomical and clinical 
material, and he stressed the need for distinguishing bits of tuberosities 
in the retracted tendons. Meyer’® apparently also interpreted ossific 
nodules in the periarticular soft tissues as due to sudden trauma rather 
than to wear and tear. The ossified plaques in tlie shoulder specimens 
described herein, were composed of adult lamellar bone and probably 
represented bony metaplasia within the deltoid muscle. The humeral 
heads articulated in part with these areas of ossification, having eroded 
completely through the joint capsule and the musculotendinous cuff. 
In the absence of these bony plaques, the humeral heads might very 
well have eroded through the deltoid muscles and have come to lie sub- 
cutaneously. Such extensive stages of destruction must be very rare for 
they were observed bj' Me3"er’® onlj’’ once in about one thousand bodies. 
That such ossific deposits maj- occur and that tlie.v will throw a shadow 
on the roentgenogram which is indistinguishable from that of calcifica- 
tions in the periarticular soft tissues, should be appreciated bj' surgeons 
who are utilizing measures such as aspiration, irrigation, needling, or 
excision, for the removal of calcified deposit.s in the periarticular struc- 
tures of the shoulder region. 


coxcnusioxs 

1. A consideration of the anatomic and pathologic features in a 
cadaver specimen of an anterior .subclaviculnr dislocation of the humeral 
bead of two years’ duration emphasizes the reasons for failure of at- 
tempts at closed reduction and for difficulty of o])en reduction of the 
displaced head of the humeru.s in such ca.ses — the contractural ehamic.s 
in the muscles and other periarticular .soft ti.ssuc.s, the interposition of 
hone and soft-tissue .structures, and the modification of the articular 
components. Because of the marked deuenerativc ciianues which in- 
volve the bone, cartvlauc. and .synovial tissuc.s, a considerable itroblem 
,>rc.sent.s it.self, if the humeral head i.s .succc.ssfully mobilized, in the re- 
eonstruetmu of the .shoulder joint, in the restoration of its function. 
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chronic functional lesions occur rather consistently in certain tissues and 
in certain areas of the same articulation. They have been investigated 
extensively bj^ Meyer.^" 

In an examination of 335 shoulder specimens in 168 human cadavers, 
the following degenerative lesions have been observed by the writer; 
changes in the shoulder bursae, bicipital tendon sheath, and joint 
sjmovial membrane (thickening of the walls, fraying, villus and nodule 
formations, and adhesions) ; changes in the capsule and musculoten- 
dinous cuff (thinning, fraying, fibrillation, partial defects, and complete 
defects through the entire thickness of the capsule and cuff in 22 speci- 
mens or 6.6 per cent) ; changes in the tendon of the long head of the 
biceps muscle (flattening, fraying, fibrillation, dislocation and tear); 
degenerative changes in the articular cartilage of the humerus and 
glenoid fossa (fibrillation, thinning, denudation with exposure of the 
subchondral bone vdiieh may become polished and eburnated) ; and 
proliferative and regressive changes involving the humeral head, tu- 
bercles, bicipital groove and glenoid fossa. Meyer’ “ has described more 
advanced stages in the progress of these degenerative processes in the 
shoulder region; fraying of the deep surface of the deltoid muscle, 
eventually with complete destruction of a large part of its midportion; 
partial or total destruction of the articular fibrocartilage and disks of the 
acromioclavicular joint, and erosion of the inferior capsule of this 
articulation, with or without joint polishing; formation of a true 
coracoclavicular articulation; and formation of a joint between the 
coracoid process and the humeral head and tubercles. The features of 
the shoulder specimen described in this communication, therefore, repre- 
sent the degenerative joint lesion in its most advanced form. 

In the series of shoulder specimens that I have studied, there was no 
certain instance, grosslj’-, of calcification in the musculotendinous cuff, 
although it cannot be denied that roentgenograpliie and microscopic 
studies might have uncovered small deposits (Keyes^"). Calcific de- 
posits in the supraspinatus tendon were not observed hy Sutro and 
Cohen^’ in a study of 100 shoulder joints in which changes incidental 
to senile degeneration were present in the supraspinatus tendon and 
contiguous structures. Such deposits, however, have been reported 
by Keyes*® in two specimens in an examination of 192 shoulder joints 
and by Skinner®^ in two instances in a studj' of 100 shoulder specimens. 

One may conclude that calcification of the periarticular soft ti.ssues is 
"uncommon feature in senile degenerative joint disease in the shoulder 


rG<^ion. 

These remarks are not to be confused with reference to those cal- 
• • ■ the supraspinatus tendon and in the other short rotators 

cifications m usually in younger subjects, not in- 

of the sn jeraiiy, and that are asj-mptomatic until an acute intlam- 
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and in the prevention of recurrence of the deformity. The recom- 
mendation of nonintervention, surgically, in selected eases of disloca- 
tion of the humeral head of long duration, where the functional integrity 
of the nearthrosis is moderately well preserved, is founded on an ap- 
preciation of these difficulties. 

2. The shoulder specimens in a cadaver with degenerative lesions in- 
volving all of the articulations, demonstrate that tlie adi^anced stages 
of degenerative .ioint disease may he consistent with satisfaetoiy articu- 
lar function. In these specimens ossified plaques, fonned b.y metaplasia 
in the deltoid muscle, contributed to tlic foi'mation of a receptive articu- 
lar surface for the degenerated humeral head. The shadows of these 
areas of ossification could be misinterpreted, roentgenographicallj", for 
calcifications within tlie musculotendinous cuff or paratendinous soft 
tissues of the shoulder region. 


REFERENCES 


1. Flower, W. H.: On the P-nthoIogicnl Changes Produced in the Shoulder-Joint 

by Traumatic Dislocation, as Derived From an Examination of All the 
Specimens Illustrating This Injurv in the Museums of London, Tr. Path. 
Soc. Lond. 12: 179-200, 1861. 

2. Broca, A., and Hartman, H.: Contribution ii 1 ’etude des luxations de I’epnule 

(luxations dites incompletes, ddcollements periostique.s, luxations directes 
et luxations indirectes), Bull. Soc. anat. de Par. 65: 312-336, 1890; Con- 
tribution h 1 ’dtude des luxations de I’epaule (luxations nnciennes, luxa- 
tions rdcidivantes). Bull. Soc. anat. de Par. 65: 116-423, 18.90. 

3. Delbet, P.: Des luxations anciennes et irreducibles de I’dpaule, Arch. gdn. 

de m6d.. Par. 172: 19-35i, 144-163, 1893. 

4. Pascalis, G., and Monad, B.: Note .sur les luxations primitiveinent irreducible 

de I'epaule, Bull, et mem. Soc. anat. de Par. 88: 2.90-297, 1913. 

5. Amnbilis, J.: Contribution a I’dtude du Traitement Sanglant des Luxations 

Anciennes antero-internes de I’Opaule, These de Paris, 1921. 

6. Petit-Dutaillis, D.: Note sur une piece do luxation nncienne de I'epaule, 

Bull, et mem. Soc. auat. de Par. 92: 487-493, 1922. 

7. Funck-Brentano, P.: N’ote sur une piece de luxation nncienne de I’epaule, 

Ann. d’anat. path. 10; l.l-Sl, 1933. 

8. Hill, H. A., and Sachs, M. D. : The Grooved Defect of the Humeral Head. 

A Frequentlv Unrecognized Complication of Dislocations of the Shoulder 
Joint, Badioiogy 35; 690-700, 1940. 

9. Eve F. S.: A Case of Subcoracoid Di.slocation of the Huincru.s With the 

Formation of an Indentation on the Posterior Surface of the Head, This 
Joint Being Unopened, With Remarks on the Mode of Production of Frac- 
ture of the Anatomical Neck, With Dislocation, Tr. Med.-Chir. 63: 317- 
321, 1880. 

to Herniods.son, I.: Riintgcnologische Studien iiber die traumntischon mid 
^ habituellen Schultergeleiikverrcnkungen iiacii vorn und imeh iiiitcn, Acta 
radio!., Supp. 20: 1-173, 1934. 

rrev T A. and Conwoll, H, E.: The Management of Fractures, Dislocations, 

^ ' and Sprains, St. Louis, 1.934, The C. V. Moshr Co. 

Cl n E A. .' The Shoulder. Rupture of the Siipraspinatiis Tendon and 
12. in or About the .Subacromial Biir.sa, Boston, 19.34. Priintely 


published. CnPalmn, .T. C.. and Scuderi, C. S.: The Reduction < 
^''or'lrreducihie Dislocation.s of the .Shoulder .loiiit, .Surg., Gynec. & 

58: 129-13J, L. J.: Treatment of Old Disloealions of 


of Old 
Ohsl. 


the 



FINDLEY ET AL. ; SYMPATHECTOSIY ON RENAL BLOOD FLO^^ 


65 


Table I shows the pre- and postoperative data. Bach figure is the 
average of at least three consecutive periods, and is expressed in terms 
of milligrams per 1.73 sq. M. surface area. DC and IC are the plasma 
clearances of diodrast and inulin, respectively. D-Tm is the maxinTal 
rate of tubular diodrast excretion in milligrams per minute. Whole 
blood flow data calculated from DC and hematocrit values have been 
omitted. 


Our average normal vahies“ are : DC, 544 ; IC, 117 ; D-Tm, 40 ; 
TP T)P 

— ^ 7 , 0.205 ; rp- 7 -; — , 13.56. All of these .subjects, therefore, had consider- 
DC D-Tm 

able renal impairment, biit none had azotemia. It should be pointed out 

IC 

that only E. A. had an abnormally high ratio and that she is the 


T.vble I 


PATIENT 

DATE 

DC 

IC 

D-Tm 

IC 

DC 

BI.OOD 
PRES- 
1 SURE 

DC 

D-Tm 

P. C., female, aged 50 
years 

n/i-i/4() 

s/iv-ti 

.3/ 7/41 
(1/ 5/41 

329 

333 

342 

03 

59 1 

31.2 

Supradia 

25.5 

20.7 

H 

10.54 

tie 

13.05 1 

10.5 

175/110 

1 185/125 

1 195/130 

E. A., female, aged 
•15 years 

1/29/41 
2/20/41 
.3/ 0/41 
0/ 0/41 1 

180 

241 

237 

1 50 

Sccom 
til 
()(i 

26.0 

i stage 6 
33.3 
30.0 

5 

0.76 

■agniatic 

7.2 

0.47 

H 

A. 0., female, aged 
.^S years 

4/ 0/41 
5/10/41 
.V21/41 

197 

185 

55 

Scconi 
1 50 

1 stage s 
1 14.2 

1 n.2S 
iubdiapln 
1 0.26 

•agmatic 

1 13.0 

1 230/140 

250/100 

H. B,, male, aged 50 
yeur.s 

4/30/41 

.5/1.3/41 

.5/22/41 

230 

289 

1 59 
Sccon 
1 08 

1 1 0.25 1 

d .stage subdiapliragmatic 

1 23.7 1 0.235 1 12.2 

220/130 

1 200/110 

P., female, aged 55 
years 

(j/2:i/41 

(;/30/41 

7/10/41 

342 1 74 1 33.4 \ 0.21 | 10.2 

Second stage subdiapliragmatic 
393 \ 81 1 47.5 1 0.20 j 8.3 

iiil 


only one whose rate of plasma flow per unit of tubular function, 
DC 

•jy rp - - ', fell clearly in the zone of renal ischemia. It was, therefore, 

l)robably unreasonable to anticipate pastoperativc renal hyperemia if 
ischemia eovild not be consistently demonstrated prco])cratively, hut it 
seems plain that even in this one instance no release of efferent arteriolar 
si)asni took place. DC, IC, and D-Tm apparently increased projior- 
tionately after the operation, Imt the changes were not marked and we 
are inclincil to disregard them. 

In ]>atient 1’. the increa.se in ^ tempts one to conclude that 

hyperemia was produced, hut all ratios were well within normal 
limits, DC remained remarkably constant over a i)eriod of .seven months. 

























TI-IE EFFECT OF SYMPATHECTOMY ON RENAL BLOOD FLOW 
IN ESSENTIAL HYPERTENSION^' 


Thomas Findley, M.D., Etta Clinton, and 
Joseph C. Edwards, M.D., St. Louis, Mo. 

(From the Department of Medicine, Washington University School of Medicine, and 

the St. Louis City Hospital ) 


T he mechanism. 113’’ which certain operative procedures on the S3un- 
pathetic nervous system produce clinical improvement in well- 
selected eases of essential h3'pertension is unknown. There are numer- 
ous theoretical possibilities which have been ably reviewed by Hein- 
becker^ and Corcoran and Page.^ One obvious explanation is based 
upon Smith’s contention” that all eases of essential h3’'pertension exhibit 
renal ischemia due to predominant constriction of the efferent glomerular 
arteriole ; that is, that abolition of sympathetic impulses to the splanchnic 
region induces arteriolar relaxation and consequent increase in renal 
blood flow. If this is the correct explanation, the changes in the circula- 
tion pattern of the kidneys should be detectable by means of diodrast 
and inulin clearance studies. Alving, Adams, Crimson, Scott, and 
Sandiford,^ Corcoran and Page,^ and Selzer and Friedman® have re- 
ported no significant renal blood flow changes after operation in a few 
cases. It seems ivorth while to record our findings in five cases. 

Our method of obtaining plasma clearances of diodrast and inulin as 
well as diodrast-Tm is being reported elsewhere;® it is essentially that 
devised by Smith.® Four of our patients were middle-aged women. 
Three of them, as well as the one male subject, aged 50 3'^ears, experienced 
entirely satisfactor3^ S3^mptomatic improvement, although in none was 
the mean blood pressure significant^ reduced. One of the women re- 
ceived the supradiaphragmatic splanchnic section popularized b3" Peet 
on the other four patients the two-stage subdiaphi-agmatic operation 
advocated by Craig and Adson was performed. The one woman with 
a poor result belonged to this latter group. Preoperalive clearance 
studies were done on].r after a prolonged period of liospital observation, 
when it was thought tliat the blood pressure had fallen as far as bed 
rest alone would permit. The studies were repeated at least ten days 
after operation when the patients were again comfortable and about to bo 
allowed out of bed. In two instances a third set of observations Avas 
btained about three months later. Unfortunatel.v, diodrast-Tm was 
not" determined preoperatively in two instances. 


•Aided by a 

Received for 
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and D-Tm fell progressively. To our knowledge, this phenomenon has 
not been described. It appears to represent progressive tubular de- 
generation. 

Of the other three sub.iects there is little to be said except that no 
significant change in renal function occurred. It seems unlikely that 
inclusion of preoperative D-Tm in subjects A. G. and H. B. would have 
given cause to modifj'^ this statement. 


DISCUSSION 


We have elsewhere stated® that a high ratio is in itself incapable 

of demonstrating efferent glomenilar arteriolar spasm because it can 
also be accounted for by diminished tubular extraction of diodrast. 


Smith^ believes that renal ischemia is characterized by a low — 

D-Tm 

ratio, and we have supported this contention. Subject P. C., however, 
shows how even this ratio ma.y be altei'ed by unexpected variations in 
tubular function, and adds one more complicating factor to the inter- 
pretation of clearances when no renal vein blood is available for renal 
extraction study. Diminished diodra-st extraction may so alter DC and 
D-Tm values as to obscure coexisting renal ischemia. 

There is nothing in this limited experience which leads us to believe 
that the circulation pattern of the human hypertensive kidney was 
appreciably altered by the surgical procedures employed. It might be 
argued that such an effect could be demonstrated only earl.y in the 
disease before organic vascular changes take place, but it was precisely 
in this type of uncomplicated hypertension that we were unable to 


demonstrate consistent renal ischemia even by the ratio.® It 

might also be argued that since none of these operations produced 
significant drops in blood pressure, no change in i-enal hemodynamics 
should have been expected. Having as yet no pertinent data, we are 
unable to answer tliis objection, but we believe that ihc changes in 
blood pressure which occasionally folloiv surgical attacks on the sym- 
pathetic nervous system are nonspecific in nature and not fundamentally 
related to the cause of the disease. 


CONCLUSION 


In five eases of essential hypertension, sympalhecfomy produced no 
important changes in renal blood flow. 
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from the ribs along with the periosteum and still attached to it; (4) in 
case of deep infection only the skin and fascia of the incision need be 
reopened to drain the infected space adequately at its dependent point, 
thus insuring a more comfortable and shorter convalescence; (5) a fresh 
clean operative area for a lower thoracoplasty is maintained posteriorly; 
(6) a better cosmetic result is obtained; and (T) less bleeding and shock 
occur, making the procedure particularly useful in patients with poor 
reserve. Furthermore, if it becomes advisable to interrupt the operation 
because of unfavorable change in the patient’s condition, the incision can 
be closed much more rapidly than can a posterior wound. We had 
hoped, also, that because of noninterference with the superficial back 
muscles there might be less tendency to scoliosis, but this has not proved 
to be the case. This incision is particularly desirable for patients rvith 
an empyema already drained posteriorly, as it enables one to remove 
the upper ribs and the anterolateral portions of the lower in a clean area 
away from the drainage opening. 



A. B. c. 

Fig. I, — A, Axillary incision first stage; B, posterior incision second stage; (7, anterior 
view o£ patient following completed thoracoplasty. 

In employing this incision, instruments somewhat longer than is 
customary are highly desirable. Naturally, the exposure is not as wide 
as with the usual posterior approach, yet no undue difficulty should 
be experienced. Eetraeting is easy with abdominal and flat malleable 
retractors posteriorly and superiorly. Once the periosteum, the anterior 
scalene attachment, and the vessels are pushed away from the first rib, 
they and the lower tninks of the brachial plexus are readily held away 
from the rib with a long fiat retractor while the posterior portion is 
(“leaned lo the tubercle or transvci-se process. The one disadvantage we 
have found has been that occasionally a true neuritis develops in the 
corresponding arm with even temporaiy weakness in the hand. We have 



THORACOPLASTY THROUGH SHORT LATERAL AND 
POSTERIOR INCISIONS 

Robert H. Wyue, JI.D., Prank B. Berry, M.D., New York, N. Y, and 
David W. Waterman, M.D., Knoxville, Tenn. 

(From the Tuheroulosis Service, Fellevue Hospital, and the Department of Surpery, 

Cohtmhia Vnwersity) 

F or some years we have tried to modify the usual incision for para- 
vertebral thoracoplastj' so as to cause less damage to muscles, with 
consequent opening of tissue planes, and to achieve a better cosmetic re- 
sult. This last is of considerable importance in women, provided that 
the essential parts of the operative procedure can be properly performed 
with adequate rib removal and without undue trauma to tissues and the 
underlying lung. 

First, we tried starting the usual posterior incision not higher than 
the level of the spine of the scapula, as first advocated bj*^ Roux, of 
Lausanne. This gives adequate exposure and saves the upper part of 
the trapezius and a small portion of the rhomboids. However, all the 
planes of the back have been opened, so that should a deep infection 
occur (fortunately a rare but most dreaded accident), the result is 
usually a complete dehiscence of the incision and a large, gaping, deep, 
grossly infected wound which at best will require a long, slow period 
of healing, often with resulting marked disfigurement. AVe next became 
interested in the multiple incision procedure proposed by AYangensteen 
and the muscle-splitting operation advocated by Head, but felt these 
were not entirely satisfactory. Hudson’s transverse incision along the 
third rib anteriorly finally gave us the clue to what in our hands seems 
to be the solution to our problem. His incision, wliile perfectly suitable 
for men, is unsightly in women; nevertheless, it has demonstrated that 
the upper stage of a paravertebral thoracoplasty can be performed 
through some sorf of anterior or lateral incision without any damage to 
the hack muscles whatsoever. After working with Hudson ’s transverse 
anterior incision, a vertical anterolateral incision along tlie lateral border 
of the pectoralis major, and a vertical incision in the midaxilla, it be- 
comes obvious that this last incision fulfills all the requirements: (1) 
Adequate e.xposure is obtained permitting the removal of the upper 
three or four ribs from the sternum to their necks if desired, either with 
• -nutliout the transverse processes; (2) the muscles and tissue planes 
°f Xe back are not disturbed in any way; (3) no muscles arc cut except 
t ■ V minor, which may or ma.v not be severed at its coracoid 
Ittaament, the insertions of the scrrafus magnus being stripped away 

-^vecl tor publication. Eeb. 27. 1942 . 
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attribiited this to the rather prolonged stretching of the brachial plexus 
due to the position of the arm, and also to the pressure of the retractors. 
This has always cleared, however. Also, even with our long instruments 
we have felt the procedure to be less practical for excessively fat women 
or the occasional large, heavily muscled male. 

The second and third stages of the thoracoplasty may readily be per- 
formed through a short incision ai’ound the angle of the scapula exposing 
the undefended intermuscular space between the ti'apezius and the 
latissimus dorsi muscles, the so-called auscultatory triangle. With the 
scapula in its relaxed position and after mobilizing the border’s of the 
trapezius, the rhomboids, and the latissimus, the ribs may be readily re- 
moved from the third to the nirrth or tenth. AVitlr scapula and muscles 
thirs mobilized, the scapula is retracted about Avith great ease to expose 
any part of the operative field desired. 

Both of these irreisions are not new and have beerr in use in South 
America for some time. The Pirrochrettos have proposed these proce- 
dures and have extensively developed and advocated their use. Dr. 
Aguilar, also, is most enthusiastic about this method, and employs it 
routinely using local anesthesia throughout. His monograph on Extra- 
pleural Thoracoplasty explains in great detail tlie development of the 
various incisions. AVe intend to present here only our experiences with 
them, with certain minor modifications. 

PROCEDXniE 

Proper position of the patient is of the utmost importance. The 
patient is placed directly on his good side and the arm of the operated 
side elevated to an angle of about 120° with tlie trunk. The elbow is 
fle.xed to 90°, and the whole ai’m then carried forward across the body 
in order to relax the pectoralis major. To maintain this position, the 
foi’earm may be either bandaged or taped to the transverse bar of the 
ordinary ether screen frame. As is shown in the illustration, we have 
devised a much heavier frame consti’ucted of strip metal. This fits into 
the lugs on the runners at tlie side of the operating table, and may be 
elevated or lowered as well as pushed forward or back. Since it is quite 
rigid, we have found it to be particularly serviceable whenever we have 
needed a support for the arm, as in this operation. In addition, the 
swiveled horizontal rods on cither side of the transverse bar afford, 
when draped, a larger protected sterile field for the surgeon and his 
assistants. 

After the skin has been prepared and the patient draped, a straight 
incision is made in the midaxilla between the pectoralis major and the 
latissimus dorsi. This begins at the lower border of the axillary hair 
and extends to the fifth rib, a distance of about five inches. The incision 
is carried through the axillaiy fat pad and the pectoralis major, identi- 
fied and freed so that it may be lifted away from the chest. It is some- 
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concave spatula and the rib freed to its neck and disarticulated. The 
third rib is ti’eated in like manner, and then the fourth if that also is 
to be removed. Ordinarily, except in cases of empyema, we advise the 
removal of only three ribs. Exceptions may be made, however, when 
it is felt that a four rib thoracoplasty is all that is required, or if there 
is no undue paradoxical respiration, the condition of the patient is ex- 
cellent, and the type of lesion permits. After removal of the ribs, all 
that is necessary is to close the deep layer of the superficial fascia and 
skin, which we do with intennipted black silk sutures. There is very 
little bleeding throughout, little or no shock from the procedure, and so 
far in our experience a considerablj' more comfortable postoperative coir- 
valescence. The operation itself, however, is not a short cut, but takes 
time and patience Avith particular attention to position, exposure, relaxa- 
tion, and adequate but gentle retraction. If the incision is carried too 
high into the axilla itself, a slight bowstring tendency may persist in the 
scar. 

After the usual mterval of about three weeks, the second stage is per- 
formed. As in the first stage, the patient is placed in the lateral position 
but AAnth Ms uppei'most arm at his side so as to relax the latissimus dorsi 
and thus the scapula. A short-curved incision about six inches long is 
made about the angle of the scapula to expose the intemuscular space. 
The presenting borders of the trapezius, rhomboids, and latissimus are 
picked up and the fascia dissected so as to mobilize them thoroughly. 
This provides perfect mobility of the scapula, which should be in its 
relaxed normal position at the start. With retractors under the scapula, 
and muscles, good exposure in any direction may be obtained, so that the 
desired number of ribs with or without transverse processes may be 
readily removed to as far forward as the midaxillary or anterior axillary 
line. Here again no muscles are divided, bleeding is minimal, and 
closure is attained by suture of only the superficial fascia and skin. 

INSTRUMENTS 

In order to facilitate removal of the ribs in both of the procedures 
just described, Ave have devised four instruments.® One of these is a 
slight modificatioAA of a periosteal raspatory and elevatorl made some 
years ago for Dr. A. V. S. Lambert and one of us and consists of an 
Alexander type raspatory and a Doyen type curved elevator. For our 
present purposes Ave have lengthened the shaft of the raspatory end. 
This has not interfered Avith, and has actually enhanced the usefulness 
of the instrument for all other Avork on the thoracic cage. It is very 
strong and light, combines Iavo instruments in one, and, due to its 
cylindrical body, fits comfortably into the hand AA'ithout slipping or 
causing fatigue. 

•AA'ith the kind cooperation of tiie Kny-Scheror Corporation. 

fMadc by Tieninnn and Company, 
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tiroes a good plan also to identify the pecloralis minor and divide it at 
its insertion into the coracoid, as this gives added relaxation and space 
as well as direct exposure of the thoracic cage. Next the long thoracic 
neiwe is picked up and retracted, and the periosteum of the third or 
even the fourth rib incised through the libers of the serratus from as far 
forwai-d as desired to the posterior axillary line. This portion of the 
rib is stripped of periosteum and removed. The second rib is similarly 
treated except that it is divided somewhat farther back. The periosteum 
of the first rib, which is now found to be well exposed, is incised along 
the lower border from the cartilage to as far back as possible. With a 
protective finger along the upper edge of the rib, the periosteum is then 
stripped from the superior and inferior surfaces, -and the attachment 
of the scalenus anticus separated with the long elevator. The vessels and 



3 Anesthesia screen used for arm support shovMne mornble wings. 


brachial plexus are now gently retracted upward as the posterior por- 
tion of the rib is cleared. As the long ribbon retractor well protects 
these structures, the rib may be divided at or close to its tubercle with 
w rib shears and the remainder removed with a nine-inch Horsley 
■ Once the first rib is removed the traction on the arm may be 
rongevu. posterior ends of the second, third, and fourth ribs are 

^•^^■eadilv accessible. Starting with the second, the periosteum and 
now le. ) ‘ and including the transver.se process, 

muscles maj removed with long rib siicai-s and rongciir.s. In- 

and the nb an p -tovertebral joint may be entered nitii the long 

stead, if preferred, tne eos 
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concave spatula and the ril) freed to its neck and disarticulated. The 
third rib is treated in like manner, and then the fourth if that also is 
to be removed. Ordinarily, except in cases of empyema, Ave advise the 
removal of only three ribs. Exceptions may be made, hoAvever, Avhen 
it is felt that a four rib thoracoplasty is all that is required, or if there 
is no undue paradoxical respiration, the condition of the patient is ex- 
cellent, and the type of lesion permits. After removal of the ribs, all 
that is necessary is to close the deep layer of the superficial fascia and 
skin, Avhich Ave do Avith interrupted black silk sutures. There is very 
little bleeding througliout, little or no shock from the procedure, and so 
far in our experience a considerably more comfortable postoperative con- 
valescence. The operation itself, hoAvever, is not a short cut, but takes 
time and patience Avith particular attention to position, exposure, relaxa- 
tion, and adequate but gentle retraction. If the incision is carried too 
high into the axilla itself, a slight boAVstring tendency may persist in the 
scar. 

After the usual interval of about tlmee Aveeks, the second stage is per- 
formed. As in the first stage, the patient is placed in the lateral position 
but AAnth his uppermost arm at his side so as to relax the latissimus dorsi 
and thus the scapula. A short-curA'cd incision about six inches long is 
made about the angle of the scapula to expose the intemuscular space. 
The presenting borders of the trapezius, rhomboids, and latissimus are 
picked up and the fascia dissected so as to mobilize them thoroughly. 
This provides perfect mobility of the scapula, which should be in its 
relaxed normal position at the start. With retractors under the scapula, 
and muscles, good exposure in any direction may be obtained, so that the 
desired number of ribs Avith or Avithout transvei’se processes may be 
readily removed to as far foiuA-ard as the midaxillaiy or anterior axillaiy 
line. Here again no muscles are divided, bleeding is minimal, and 
closure is attained b3'^ suture of onl.v the superficial fascia and skin. 

IXSTRL’MENTS 

In ox’der to facilitate removal of the ribs in both of the procedures 
just described, aa'C Iioa'c devised four instruments. “ One of these is a 
slight modification of a pei’iosteal raspatoiy and elevatort made some 
j'ears ago for Dr. A. V. S. Lambert and one of us and consists of an 
Alexander tjye raspatoiy and a Doyen tj'pe curved elevator. For our 
present purposes aa'c have lengthened the shaft of the raspatorv end. 
This has not interfered Avith, and has aetuallj' enhanced the usefulness 
of the instrument for all other AA’ork on the thoracic cage. It is a'ci’a' 
strong and light, combines txA'o instruments in one, and, due to its 
c.A’lindrical bodj', fits comfortablj* into the hand AA'ithout slipping or 
causing fatigue. 

•AVlth the Ivind cooperation of tlie Kny-Scherer Corporation. 

tirade by Tiemann and Company, 
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The other three instruments were made particularlj’ for this t.ype of 
work. The.y form a set and ai'e identical in weight and design. Each is 
ten inches in length and has a good-sized ovoid handle with several plane 
surfaces. This again permits of a comfortable grasp without slipping or 
cramping. 

1 . The shaft of the first is slightl.y decurved and ends in a raspatory 
of the Alexander type. 



- 1 (level ibed and adiocated A, Set of long vlianK 

Fig. 4.— Special icMstd Bern} -Laniliei t raspatotj 




2 In the second instruincnl. the liead con.sisls of a slig hi y cont.ne 
; ( center of whicli lia.s a sliarp cutling edge guarded on eitlici 

^1 VtUp blunt slightly protruding margins of the iiead. 3. Tlie head 
^'/+l^\hird is slightly cmioave and stiuare uifh a .sfraighf drill edge and 
oftheth n Althou’di lhe.se instriiinenf.s arc not as long as 

rounded dull Asruilar, we have found them adefiuate. 

those used 1)> • ti-uisveisc procc.sses any of the long rih shear.s 

Wot cutting the ribs and t ans^ • 
fnd rongeurs may he employed. 
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SUMMARY AND CONCLUSIONS 

Two variations of the commonly used posterior hoQkey-stick incision 
for paravertebral thoracoplasty are described. 

We believe these techniques to be the methods of choice in many in- 
stances because: 

1. Both provide adequate exposure and permit thoroughness and 
safety of operation just as with the long posterior incision. 

2. Neither one divides muscle, thus preserving the muscle and fascial 
planes of the back. 

3. Onlj' skin and fascia need be opened for drainage of a deep wound 
infection, which is usually localized by the barrier of the undisturbed 
muscles and fascial planes, thus avoiding the necessity of a wide gaping 
wound in the back. 

4. By using the lateral incision for the first stage a fresh operative 
area is preserved posteriorly for the second stage. 

5. Bleeding and shock ai’e lessened in both procedures. 

6. Convalescence is apparently more comfortable. 

7. Better cosmetic results are obtained, an important consideration 
in women. 

A disadvantage is the occasional temporary neuritis with weakness of 
forearm and hand that may develop after the first stage. This is prob- 
ably due to stretching or retraction of the brachial plexus. 

Special long instruments are described. These are not absolutely 
necessary, but instruments of equal or increased length greatly facilitate 
the procedure. 

We wish to empha.size that similar operative techniques have been 
described and are being employed by Finochietto, Aguilar, and their 
associates. Their work undoubtedly preceded ours, but having ari’ived 
at the same conclusions quite independentl.v, we believe it worth ivhile 
to describe these modifications and along with them to urge their adop- 
tion in suitable instances. 
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SHOCK IN CONTROL AND SPLENECTOMIZED ANBIALS 
UNDER ETHER AND PENTOBARBITAL 
SODIUM ANESTHESIA 


Douglas B. Kendrick, Jr., M.D.,« and Alfred Uihlein, M.D.f 
Rochester, JiIinn. 


I T HAS been demonstrated by the work of Seeley, Essex, and Mann that 
sodium amytal (sodium iso-amylethyl barbiturate) alone or pre- 
liminary to ether anesthesia results in a marked delay in the onset of 
shock produced by intestinal manipulation as compared to results with 
ether anesthesia alone. Shock was considered to be present when the 
sj'stolic blood pressure decreased to 70 mm. of mercury. With ether 
anesthesia alone shock occurred on an average of three hours and fifty- 
three minutes from the lieginning of intestinal manipulation, white with 
sodium amytal alone shock did not appear on the average until eleven 
hours and tliirty-thrce minutes from the time intestinal manipulation 
was begun. One of us (Kendrick) obtained strikingly similar results 
with ether and pentobarbital sodium using the methods described by 
Seelej^, Essex, and Mann. Because of the possibility of a practical ap- 
plication of these findings to the cai'e of patients injured in war or in 
accidents, further work on this problem seemed advisable. 

As a result of a series of I'esearches in tliis laboratory (Searles and 
Essex; Essex, Seeley, Higgins, and Mann; and Hausner, Essex, and 
Mann) it has also been demonstrated that anesthesia with certain barbitu- 
rates causes hemodilution for wliicli the spleen is largelj' I'esponsible since 
this organ under the influence of barbiturates removes from currency a 
lar"e volume of erythrocytes. We wislied to ascertain Avhether the 
spleen jjla.vs a role in the delay in the onset of shock when barbiturates 
are used. It may logically be asked whether the barbiturates would lie 
of value in delaying the onset of traumatic shock induced under ether 
ancstlicsia if given to control and splcncctomized dogs when sliock was 
considered imminent. If so, when would be the optimal time to give 
the dru" and how long after intesfinid trauma might it be c.xpceted to 
roducc'^ effective results? The work described in this paper was done 
fu the hope of amswering the.se questions. 


l-nitPil Army. On ii.HsiBnmcnt In Tlir Dhiilon 

it.iin Aleiliml. Corp.s 

nental -Mavo Kmin.intion. 

.ivcclforpublication. Feb. 0.191- 
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METHODS 

All experiments ivere done on dogs using ether and pentobarbital 
sodium anesthesia. Shock ivas produced by delivering the small in- 
testine outside of the abdominal cavity and gently massaging it through- 
out its entire length for thirty to forty minutes, after which it remained 
exposed on the anterior abdominal wall. The blood pressure in the 
femoral artery was recorded on a standard kj’-mograph. As in previous 
experiments in this laboratory the animals were considered to be in a 
state of shock when the systolic blood pressure had declined to 70 mm. 
of mercuiy. It was recognized that the arterial blood pressure might 
not accurately reflect the physiologic state of the animal. For that 
reason the blood pressure was not used as the criterion for the proper 
time to administer pentobarbital sodium. For this purpose the degree 
of hemoconcentration as determined by a Cenco-Sheard-Sanford pho- 
telometer was considered more satisfactory. It had been found in the 
studies to which reference has already been made that the animals w’ere 
in shock as indicated by the blood pressure when the average concentra- 
tion of hemoglobin was 130 to 135 per cent, the preanesthetic concentra- 
tion being arbitrarily called 100 per cent. Thus when the hemocon- 
centration had reached 130 to 135 per cent shock was considered im- 
minent even though the blood pressure was being maintained near the 
control level. 

The animals were anesthetized initially with ether, and narcosis was 
maintained ly autoinhalation.- After the desired hemoconcentration 
had been attained ether anesthesia was discontinued and pentobarbital 
sodium Avas given intravenously in doses of 10 to 15 mg. per kilogram. 
In three experiments pentobarbital sodium was given when the hemo- 
concentration had reached 120 per cent, while in four experiments the 
hemoglobin was allowed to concentrate as much as 135 to 140 per cent 
before pentobarbital sodium was injected. To avoid a marked depres- 
sion of blood pressure the drug was given very slowty in all experi- 
ments. In the series of seven experiments on splenectomized animals the 
spleen was removed immediately preceding intestinal manipulation. 

RESULTS, SPLEEN PRESENT 

In the four experiments in Avhich the liemoglobin was allowed to con- 
centrate 135 to 140 per cent, it required an average of twelve hours and 
thirty-five minutes to reduce the systolic blood pressure to 70 mm. of 
mercury. The average time required for the hemoconcentration to 
reach 130 to 140 per cent was three hours and eleven minutes. The 
average time that elapsed from the beginning of intestinal manipulation 
until the administration of pentobarbital sodium (15 mg. per kilogram) 
was three hours and fifty minutes. In the three experiments in which 
pentobarbital sodium was given when the hemoglobin had concentrated 
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ti> oiiJy I'Jfl jicr ci iit, (lie .sy.stolic Mood jircssiito did iiol dccn';i.sf (o 70 
mm. oi tucii'iiry until lldi tccti hour. Jifid fwriily minidos- jit’tfr intfstimil 
immipidalioii was Ix'i^mi. Tin* j-n-atfr tho j)cr('i'nla''(‘ of lifmo^doldii 
oofO'oM t ra t iofi at tiu' (irta* poritoharhifal s*»diiim was yivim flic more raji- 
idly sliord; occurred. 

Ra|>id codcciit ration ot the blood ahvay.s occiirrcil \vhilc the anininl.s 
ncre nmicr ether ane.>lhe.sia. Whe/i the ar/mirdstration of ether wa.s 
discontinued ami aftt-r {lentoharhital .sodium was t:iven, a decrease in 
hemoolohin invarialily occurred hut hemoeoneentration .slowly developed 
as tJie e.\;)eriments Mere eonliniied (l-'h. I), 



pjt*. 1, — 'fin* ifTort of othrr int«*.‘<Una] tn.nnipiilatlon. and an Injection of 

pontob trMtal .‘<odi»jni on thr lilood i»rr'>'<uro. Iiomoplobin conct ntrallon, and the number 
of cryt!irocyt»*H In ri doj: ’ivllfi (ho present. 

i:f:sr*f,TS, S7»fj:r;N* .\ii.sr:.VT 

Jii five o.xpcrimenf.s on sjilencetomized animaJ.s pentobarbital .sodium 
ill doses of lb aifi. per kiloirram of body iveifrlit ivas in.iecfecl intra- 
vciiou.sly after the liemo"Iobin bad eonoent rated 135 to 140 per cent. 
The avcrafie lime required for tlie systolic blood pressure to decline to 
70 mm. of mercury M'as eiplit houns. Durinpr ether anesthesia the liemo- 
coucenfrafion was rapid. Following the in.jcction of pentobarbital 
sodium the hemoconeenfratiou iiierea.sed, but much more sloivly. The 
decrease in hemofdobin observed in e.xporimcnts in ivhieli the spleen 
ivas present was not seen in the present series (Fig. 2). 

In order to determine the effectiveness of smaller doses of pento- 
•1 ‘tal sodium tM'O experiments ivere done in ivhicli 10 mg. of the drug 
^1 M ^ram of body M-eight ivcre given after tlie hemoglobin had con- 
per in o„ . experiment the blood pressure 

ceiitrate eleven hours and forty-five minutes and in the 

declined to s me . occurred eleven hours and thirt.v minutes after 

Mtestinal manipulation. 
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COMMENT 

The results of the experiments just reported indicate that doses of 
pentobarbital sodium as small as 10 mg. per kilogram of body iveight 
ivere effective in delaying the decline of the blood pressure to a shock 
level even though intestinal manipulation and ether anesthesia had 
caused a concentration of hemoglobin that indicated that shock ivas 
impending. 

That the spleen is an important factor in causing an apparent hemo- 
dilution following the injection of pentobarbital sodium has again been 
demonstrated by experiments on splenectomized animals in which liemo- 
dilution was not observed. The fact that the blood pressui’e was more 
rapidly reduced to a shock level in the splenectomized than in the non- 
spleneetomized dogs would seem to indicate that the spleen is of con- 
siderable aid to the organism in its resistance to shock. The reservoir 
function of the spleen was probably its chief contribution. In the ab- 
sence of the spleen the injection of pentobarbital sodium caused delay 
in the decline of blood pressure to a shock level as compared to results 
with ether anesthesia alone. The mechanism by which pentobarbital 
sodium is effective in tbis respect is not known. However, it should be 
emphasized that the animals in ivhich the onset of shock ivas longest 
delayed ivere those that had received the smallest doses of pentobarbital 
sodium. 



Fig:. 2. — The effect of ether anesthesia, intestinal manipulation, and an injection of 
pentobarbital sodium on the blood pressure, the hemoglobin concentration, and tlie 
number of erytlirocytes in a dog splenectomized just before the intestine was manipu- 
lated. 


SUMMARY AND CONCLUSIONS 

In this study an effort was made to determine the effect ivenc.ss of 
pentobarbital sodium in delaying shock ivlien given after the hemo- 
globin bad concentrated to a point at whieb shock might bo considered 
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inin. ol im‘iciiry iiiilil Ihiitn'ii Iioiun mid Iwcnty niiiiutos af(<T inlcsliiinl 
inmiiindalion \mis iM'!,’iiti. Tit,- jiiialf-r tin- fictccidat'c of iicrao'.dobin 
cotici'id rat ion al tlia linn' |M'nlot>atl)ilal sodinni was irivon (In* more raji- 
idly shot'!; oi'cnn<‘d, 

IJapid l•onr('nt^•!llion of (lie liiood alwa\s occnricd (lie animals 

wolf iindi'i' ctlii'r am.sthr.sia. Wlion the adminisliation of fllipr was 
tliscoiit inni’d and alloa pcntoliarliital sodinni «as ^ivcn, a dccioasc in 
ln'ino;;Ioliin invai'ialily occnticd Init lll•nlo(•on(•(•nl ration slouly drvciofifd 
as ilic ovpm inicnls \\cic conlintnd (Ki". 1). 



rijr 1. — The «fr(ot of Ulur !in< ‘•tlioMi.i, Intestfn t1 m'lnlpul itlon. and nn Injection of 
p* ntoh iri>ltal “odlutii on the l)l(»od hctiiof^Iohin cuncentr.itlon, and the number 

of orjlbrociles In a tlof: ^^lth tin* .'«pUtn pn '««*nt 

Ki srins, srij;i;x 

In five exiierinicnts on .sidencclonnVcd aidnials iicntobarliifal sodium 
in dascs of 17, nifr. per kiloirrani of botiy weiplit was injected intra- 
venously after the hemof'lohin hud eoneent rated 135 to 140 per cent. 
Tile averatre time rccinired for the .systolic blood pressure to decline to 
70 mm. of mcreiiry was eifrlit hours. Durinpr ether anesthesia the liemo- 
concentration was rapid. Following: the injection of pentobarbital 
sodium the hemoconcentration increased, but much more slowly. The 
decrease in hemoglobin observed in c.xperiments in which the spleen 
was present was not seen in the present series (h"ig. 2). 

•dcr to determine tlie effectiveness of smaller doses of pento- 
•rt?i sodium two c.xperiments were done in wliicli 10 mg. of the drug 
"ram of body weiglit were given after the hemoglobin had eon- 
per Ki Oo < experiment the blood pressure 

centrate eleven liours and forty-five minutes and in the 

declined shock occurred eleven hours and thirty minutes after 

intestinal manipulation. 
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COMMENT 

The results of the experiments just reported indicate that doses of 
pentobarbital sodium as small as 10 mg. per kilogram of body -weight 
were etfeetive in delaying the decline of the blood pressure to a shock 
level even though intestinal manipulation and ether anesthesia had 
caused a concentration of hemoglobin that indicated that shock was 
impending. 

That the spleen is an important factor in causing an apparent hemo- 
dilution following the injection of pentobarbital sodium has again been 
demonstrated by experiments on splenectomized animals in ivhich hemo- 
dilution was not observed. The fact that the blood pressure was more 
rapidly reduced to a shock level in the splenectomized than in the non- 
spleneetomized dogs would seem to indicate that the spleen is of con- 
siderable aid to the organism in its resistance to sliock. The reservoir 
function of the spleen wms probably its chief contribution. In the ab- 
sence of the spleen the injection of pentobarbital sodium caused delay 
in the decline of blood pressure to a shock level as compared to results 
with ether anesthesia alone. The mechanism by which pentobarbital 
sodium is effective m this respect is not known. Ho-wever, it should be 
emphasized that the animals in which the onset of shock was longest 
delayed were those that had received the smallest doses of pentobarbital 
sodium 



E'B 2 — The effect of ether anesthesia, intestinal manipulation, and an injection of 
pentobarbital soaliim on the blood pressure, the hemoglobin concentration, and the 
number of eri throes tes in a dog splenectomized just before the intestine was manipu- 
lated. 


summary and conclusions 

In this study an effort was made to determine the effectiveness of 
pentobarbital soduuu in delaying shock when given after the hemo- 
globin had concentrated to a point at which shock might be considered 
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iiuinini'iit. 'I’lit* siiiall iiilfstiru' of wjis iiianifiiilatcd under etlier 
anr.siJic.sia. \\ lien the licninroiircnlnttiipn had reacherj the* desired levcd 
(120 til 1-10 pi'r cent) |ientn)>arliitnl soditiin was trive'n and ether an- 
esllie.sia was disennliniied. Wiien the .sy.stolie hlood firi'ssiire readied 70 
niin. ot inereiiry tite aninials were ennsifiered In lie in a state of shock. 
A series id e.'cperinienis was done on hofit nonsfdetK'ctornized and splenec- 
tomized dotpi. In the lornier e.xjiei'inii'tits a deerease in henio^doliin oe- 
eiirred iinniedialely followinf' the injeefion of tlw dnt" hut tin's was 
followed liy lieinoeoneeniration wliieli ileveloped slowly. In the ah.senco 
(d' the .spleen heniodilution <!id not oeenr. In every e.vperirnent the 
prealer the pereiuita'je of heinojjlohin eoneentration the more ra|)idly 
slioek tieveloped. Under tile (“oniiitions of our e.xperimonts tiie .spienee- 
toini/ed aninials went into slioelc more rajiidly than the noiisiilenec- 
lomized .series of animals, wliieli may lie taken as an indication that the 
spleen is a definite aid to the orjmnism in its resistance to shock. In all 
e.xjierimi'nts, ivlndlier or not tJie spleen iva.s iire.senf, .slioek developed 
more slowly than in inevions e.xiieriments in which ether alone was used. 

The evidence apjieais eonelnsive that shock develops more slowly in 
animals under pentoharhital .sodium than in animals under etlier aii- 
eslliesia. Tlio rea.son for this result is not known. Tiic.se findings should 
not he taken to mean that the adminkstration of pentobarbital sodium 
ntiiy he used as a jirojiliylactie procedure in llic treatment of the in- 
jured hut rather that tliis drug is indicated as a sup])ortive agent if the 
injured are to he given a general anesthetic siicli as ether. 


i!i:rr.iu:NCics 


1. K,'"'CX, II. E., f’cclc.v, .S. F., Jlifigiii.-i, (J. M., nnil Mnnn, F. C.: EiTect of Etlicr 
Aiii''’tlii'.'-ia mil] Aiiiytnl .Aiio.stlie.'.iii on the Erytlirocylic Findings in Control 
and Splcnectoniirod Thig.'i, J’roe. Soc. E.xjier. liiol. & illed. 35: 351-150, 1930. 

*’ Ilnrdonborgli, .1. G., and JIann, F. C. : Anlo-inhalation Jlctliod of Anesthesia 
in Canine Surgery, .1. Am. Vet. M. A. 71: 193-501, 1927. 

.3 HausriiT, Erieli, E.s.sex, II. E., and JIann, F. C.: Roentgenologic Ohservatjons 
on the Spleen of the Hog Under Ether, Sodium Amytal, Pentobarbital Sodium 
and Pentothal Sodium Anesthesia, Am. ,1. Pliysiol. 121: 3S7-391, 193S. 

1 IwTidrick V. B., .Ir.: Results of Intravenous nml Intrn-arterial Administration 
of Fluid's in Traumatic Shock Produced Experimentally, SuncEnv 6: 520- 


.-oo 

- o«..rirs’ P iv., und Essex, H. E.: Changes in Blood in tlie Course of Etlier 
Anesthesia and Sodium Amytal Anesthesia, Proc. Staff Meet., Mayo Chn. 

11: 481-18_, 193G-^ ^ jiann, F. C.: Comparative Studies on Traumatic 

0. Seeley, b- ■' F Ether and Under Sodium Amytal Anesthesia; an E.xperi- 
mcntal Boseareh, Ann. Snrg. 104: 332-338, 1930. 



SOME OBSERVATIONS ON THE RATE OP ABSORPTION 
PROM VARIOUS BODY TISSUES 


Harris B. Shtolacker, Jr., M.D., Baltimore, Md. 

(From the Department of Surgery of the Johns Eopkins Unirersity) 

D uring the course of recent investigations concerning reactions to 
procaine in experimental animals, it appeared evident that the 
rate of absorption differed greatly according to the route of adminis- 
tration.^ Since these experiments suggested that death ensued when the 
blood concentration of the drug reached a certain critical level, regardless 
of the site into which the toxic dose of procaine was injected, and since 
the circulating procaine is known to he rapidly destroyed or detoxified, 
it was felt’ that the wide differences in the lethal dose with different 
routes of administration were a reflection of different rates of absorption 
into the blood stream. These considerations led me to devise some simple 
expex'iments which might throw additional light upon this problem. 

In all of the experiments except those dealing with the absorption of 
sulfanilamide, some indirect end point was selected rather than frequent 
and repeated chemical analysis of the blood which would have rendered 
the problem much more difficult. The general agreement of the experi- 
mental results obtained by using different effects of the various drugs 
which might reflect a therapeutic, toxic, or lethal blood concentration 
of the injected drug indicates that the method is valid. In all the 
experiments absorption from the subcutaneous, intramuscular, intra- 
pleural, intraperitoneal, and intravenous routes of administration was 
studied. With each route control studies with distilled water given in 
the maximal amounts employed in the case of the drugs were carried out, 
and no symptoms and no deleterious effects were noted. Following 
intrapleural injections the animals were examined at autopsy and those 
whose lungs had been inadvertently damaged were excluded from con- 
sideration. 

EXPERUIENTAL RESULTS 

In all the experiments there seemed to be most rapid absorption from 
the intrapleural route. AVith some drugs, peritoneal absorption was ap- 
parently slower than that from subcutaneous or intramuscular tissues; 
with others it was more rapid. 

Procaine . — In Table I are listed the results obtained from a large 
number of guinea-pigs given varying amounts of procaine hydrochloride 
by different routes. The median lethal dose varied from 41 mg. per 

Kecelvcd for publication, Jan. 10, 1942. 
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•Two of tlie threo anlinal.s died. 

tOnly one of the four animals had convulsions and onl.v one died. 
The mice wrlKhed between 25 and 30 Gni. 
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kilogram with iixtraYenous injections to 750 with intraperitoneal injec- 
tions. The median lethal dose was very small with intravenous and 
intrapleural injections and was progressively larger when the dimg was 
given in the thoracic paravertebral space, lumbar paravertebral space, 
intramuscular tissues, subcutaneous tissues, and the peritoneal cavity. 
Apparently the rapidit.v of absorption of the drug varied in this order. 

Strychnine . — Strychnine was administered in dilferent doses and by 
various route.s to guinea-pigs and to mice. The results are recorded in 
Tables II and III. The interval after injection of the drug before the 
onset of convulsions was shortest when the drug was given inti-avenously. 
It was brief following intrapleural injections, somewhat longer after 
intramuscular injections, still longer after subcutaneous injections, and 
longest after intraperitoneal injections. Also, it will be noted that the 
rapidity or the delaj' in onset of convulsions varied directly with the 
size of the lethal dose. One would judge that the rate of absorption 
of the drug is most rapid from the pleima, somewhat slower from the 
muscles, still slower from the subcutaneous tissues, and slowest from the 
peritoneum. 

Morphine . — The same conclusions are reached from study of the in- 
terval following injection of morphine into mice before onset of sleep 
and of death (Table IV). 

Phenohulfonphthalein . — At intervals of a week a nonnal, healthy 
mongrel dog was given 1 c.c. of phenolsulfonphthalein by various routes 
following introduction of a catheter into the bladder. The appearance 
time of the drug in the urine was noted, total specimens were collected at 
fifteen-minute intervals, and the exci’etion curve was plotted. An in- 
travenous injection was carried out at the beginning and at the end 
of the experiment. The agreement in these excretion curves was evi- 
dence that no essential change in kidney function had occurred. The 
intravenous excretion curve in Fig. 1 is an average of the two. If the 
rapidity of excretion is a rough measure of the rapidity of absorption, 
one would conclude that absorption is most rapid from the pleura, less 
rapid from the subcutaneous tissues, and slowest from the peritoneum. 

Mctrazol . — Different amounts of metrazol were administered bj' 
various routes to guinea-pigs and to mice, and the interval after injec- 
tion before onset of convulsions was recorded (Tables V and VI). Judg- 
ing by these observations and by the lethal dose with the different routes, 
one would assume that the drug is absorbed most rapidly from the 
pleura, less rapidly from the peritoneum, still more slowly from the 
muscles, and most sloAvly fi-om the subcutaneous tissues. 

Similar experiments wore carried out with coramine 
(Tables VII and VIII) and similar results were obtained. 

Xcmbufnl . — A number of mice were given 2.5 mg. of nembutal by 
several routes, and the interval before sleep was noted. The onset of 
sleep was almost instantaneous after intravenous injections, was verv 



si'Kiiiriiv 


S4 


Tahm: V 


fiMr. Lr,.\i';;i.v{i (in' f'l'Cd.viis) AJTr.i: lN'ji:(TJfi.v or Mrn:A7ot, Into ftL'i.VKA-I’in.s 
Hrror.i; (I.vsit or (’o.vvri^mo.vs, LrriiAi. KrrriT or VAr.vt.s'o I)o.si:k 
A fi ori'i.vti TO ItorTK or Aioii.vif.TiiATio.v 


(tOSK IN' M<!. vn: 

K(i. 


Kfim: 

or AI'MIMSTIIATION' 


in’ti:a- 

vi:nym*k 

I.NTRA- 

I‘I.);it:al 

IN'TCA* 

l*l./:iTON-KAI, 

INTHA- 

Mrffrrr.Afi 

srii- 

riTANFOt'K 

n.'j 

0.:; 

-1 

1 

1) 

1) 

No 

— 

Nr. 

n.( 

•( 

I) 

11 I) 

ISO 


720 

I'.l! 

1..-1 

I’ 

I) 

I"0 


isnn 

1.0 

1..'.(L‘) I) 1 

0 I) 

100 I) 


000 I) 


Taiiij: VI 

Tisti; Ki-ArNTN'd (i.v Stoonds) Amrc l.vjrnrio.v or MiTrA/oi, Into Mick Bnror.r 

O.vsCT or ro.vviT.sio.vs 


i:oi-TK nr Ar>.>tiNlsTi:ATioN' 


ixisr IN* Mn. I’Ki: 
AM MAI. 

INTKA- 

INTKA- 

1 INTHA- 

1 JN'TCA- 

KfB- 

VKNOrs 

IM.rrKAI. 

1 I’KKITON’KAI. 

1 Mrsf'iri.Ar. 

ri'TAS'Kor.s 

• 1 •!•• 

«»««•«» 

1.7(1) 

■f (.'>) 

!*0 f(i) 

■BQD9M 

107 (.->) 


,\11 till- nnimnl.i illi-il. 

Tin- mice wi'lKlii'iI lii-tweiTi 2."i ami 30 Gm. 


Taih.k Yir 


TiMi; Ki.ai’.sin'g (i.v Sreovns) A>Ti;r. l.vjKi'riov or CoiiA-Mivn Into GrivF.v-Pics Be- 
K)i:e Ov.^ct or Covvri..siov.v. Lctiiai, KrrriT or VAr.nvo Doses 

AcCOIimVO TO BofTK or An.'IIVISTI!.\TIOV 


ikisf; IN’ Mfi. rnt 
Kfi. 


KOl*Ti; 

or ABMIMSTirATIO.V 


INTH-V- 

VKNOUS 

IN'TRA- 

ri.Ki’iiAi. 

INTKA- 

PKKITONKAI. 

INTKA' 

MrSCTLAK 

sun- 

riTANEOUS 

1.25 

■Hon 

20(2) D* 

H.0(2) 1 

No 

No 

2..') 


21 (.0) D 

ISO I) 

POO D 

1200 D 

.0.75 

I -f D i 

21 I) 

00 D 1 

' .'100 D 

3S0 D 


•One of tlic two animal.^ illcil. 


Table VIII 
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-rapid after intrapleural injections, somervliat less rapid after intra- 
peritoneal injections, still slower after intramuscular injections, and 
slowest after subcutaneous injections. 



Fig. 1. — ^Excretion cun'es of plienolsulfonphthalein administered by various routes. 
The appearance time Is indicated by the point at -which the cun’e begins. 


Sulfanilamide. — Three normal healthy mongrel dogs previously 
starved for twenty-four hours were anesthetized with ether and given 
100 mg. of finely powdered sulfanilamide per kilogram of body weight. 
In one the powder was put into the left thoracic cavity through an 
intercostal incision. The lung was re-expanded and the wound closed. 
In a second dog the sulfanilamide was similaily introduced into the 
peritoneal cavity through a midline incision, and in the third it was 
placed in a large subcutaneous pocket made in the left upper quadi’ant 
of the abdomen. Specimens of blood were taken frequently for assay 
by the technique of Bratton and Mai'shall.* As recorded in Pig. 2, 
absorption was most rapid from the pleura and least rapid from the sub- 
cutaneous tissues. For example, in thirty-five minutes the concentra- 
tion in the blood was 12.5 mg. per cent in the dog given the drug intra- 
pleurally, 3.48 mg. per cent in the dog given the drug iutraperitoneally, 
and 0.59S mg. per cent in the one given the drug subcutaneously. 

Haag, Spealman, and MeCue^ recently conducted some studies on the 
absorption of sulfanilamide in dogs and concluded that absorption is as 
good from the pleura and pei-itoneum as from the gastrointestinal tract. 
Although they did not do blood assays in the eai'ly period after adminis- 
tration of the drug as frequently as 1 did, their results also suggest that 




nlworption is n.-t.iJilly n.o.r f,-,.,,, d,,, ,|.an from the 

pcritoin'iiin or tiii* uastruintosiiiia) tract. 



PifT. 2.— Ali‘>orp(lori curves of sitirnnUutnfde piven by dlfl’cTont routes. 


niscrssioK 

The present study is liy no moans complete or exhaustive, and many 
questions arise. I have made no attemjp to dete7-niiiie tlie relative roles 
of lymphatic and papillary ahsorjjtion, the influence of depth and 
i-apidity of I'e.spiratioJis on the rate of absori)lion IVom pleura and peri- 
toneum, and the que.stion of the size of the molecule in determining 
whether peritoneal absorption is rapid or very slow. One wonders 
whether the slow absorption from the peritoneal eavity may result in 
part from absorption of some of the injected material into the portal 
circulation with I'ctention or actual eheinieal ehange of the drug in the 
liver I do Jiot know what influence a local inflammatory process in the 
pleura or the peritoneum has upon the rate of absorption. These and 
other matters deserve further study. The experiments reported do 
demonsti'atc that with all the drugs studied there is apparently very 
<r •eat difference in the rapidity of absorption from various body tissues 
"nd serous cavities. They demonstrate further that with all the drugs 
*T r d and in all the species of animals employed, absorption from the 
is very much more rapid than from any other tissue investigated. 
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With some drugs peritoneal absorption is relatively rapid, with others 
ver3' slow. 

These studies permit one to emphasize the importance of investigating 
adequatelj" the rate of absorption of an3" dx’ug from all the bod3’' tissues 
into which it might be pui’posefulh’ or inadvertentl3’' introduced. This 
investigation is necessary in order to obtain the best therapeutic effect 
and to avoid toxic I’eactions. Such studies should lead to better clinical 
results and to fewer alarming and even fatal reactions. 
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absorjitioii is actually moi’c rapid from the pleura than from the 
peritoneum or the gastroinlesfinal tract. 



p-jg.. 2 . ^Absorption curves of sulfanilamide given by different routes. 


DISCUSSION 

The present study is by no means complete or exhaustive, and many 
piestions arise. I have made no attempt to determine the relative roles 
){ lymphatic and capillary absorption, the influence of depth and 
rapidity of respirations on the rate of absorption from pleura and peri- 
oiieum' and the question of the size of the molecule in determining 
vhether peritoneal absorption is rapid or very slow. One wonders 
Uethev the slow absorption from the peritoneal cavity may result in 
.url from absorption of some of the injected material into the por al 
. Man with retention or actual chemical change of the drug m the 
- T do not know what influence a local inflammatory process m the 
a -rtPvitoneum has upon the rate of absorption. Tliese and 

'’alters ^deserve further study. The experiments reported do 
other matteis apparently very 

demonstrate i rapidity of absorption from various body tissues 

great difference m demonstrate further that with all the drugs 

and serous cavi les. animals employed, absorption from the 

studied and in all rapid than from any other tissue investigated. 
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In either case the procedure is the same as for repair of any other 
similar defect where the reconstruction is effected by a half-thickness 
skin graft. However, it can readily be seen that reconstruction is more 
difficult here because of the necessity of grafting over a rounded sur- 
face. Because of the potential variation in size encountered as a result 
of normal physiologic response, the problem of maintaining proper 
apposition of the graft is again exaggerated. These difficulties, however, 
can be overcome largely by procuring a half-thickness skin graft large 
enough to encase completely the entire circumference of the penis. Ex- 
ternal urethrotomy^- and suprapubic cystotomy have been suggested as 
preliminary procedures, but are unnecessary. Cases of complete trau- 
matic avulsion of the skin of the penis and scrotum which were seen 
by a surgeon within the first few hours follov-ing the accident have been 
reported. In some of these repair was attempted after treating the 
patient for two or three days.”’ "• Grafting was not attempted in one 
case” until ten daj’s after the injui’j-. Because of the excessive con- 
tamination to which a wound is subjected in this region, it is imperative 
to attempt to obtain primary healing in all cases. This is possible only 
if the surgeon sees the patient within the contaminated period and the 
patient’s general condition permits an adequate debridement. A graft 
should then be applied immediately. If these precautions are taken, a 
full take of the graft with satisfactory healing by primary union may 
be expected. Following debridement, the gi-aft is wrapped about the 
penis and attached either by interrupted or continuous sutures along 
the margins of the defect at or near the corona and toward the base of 
the penis. In order that firm fixation may be obtained, the gi’aft then is 
attached to the shaft of the penis dorni the line where its two borders 
overlap. Either a grease or moist saline solution dressing of fine mesh 
gauze is applied directly to the surface of the graft and adjacent to this 
a few thicknesses of sterile dry gauze are placed. Over these a sea 
sponge or sterile M’aste pressure dressing is applied in order that ade- 
quate and uniformly distributed pressure may be maintained along the 
entire shaft of the penis. The pressure dressing is fixed with adhesive, 
which not only encircles the dressing over the shaft of the penis but ex- 
tends from the shaft up to the pubis and over the abdomen, thus sup- 
porting the dressing. 

Otlier methods of repairing surface defects of the penis liave been 
suggested and used, sueh as serotal flap,” single pedicle skin transplant, 
and tube pediele transplant. Wliereas the writer has had no occasion 
to em])Ioy the latter two methods, on one occasion repair of a surface 
defect of the penis was attempted by means of a pedicle formed by 
dissecting a cuff of .scrotal .skin and attaching the penis beneath this so 
that the under .surface of the serotal .skin cuff was in intimate apposi- 


RECONSTRUCTION FOR TRAUMATIC DENUDATION OP 
THE PENIS AND SCROTTOI 

Report of a Case 

Neal Owens, M.D., P.A.C.S., New Orleans, La. 

(From the Divimon of Plastic Surgery, Department of Surgery, School of Medicine, 
Tulanc University and the Tulanc Surgical Service, Charity Hospital) 

D efects exhibiting total loss of the skin covering the penis or 
scrotum, or both, invariahly cause grave concern for the patient and 
frequently present difficult problems of reconstruction for the surgeon 
Avho assumes their correction. Portunatelj% these accidents occur rarely, 
there being thirtj'-four reports in the literature,’"^^ only thirteen^' 

14, IS, 21 , 23, 24, 2 G, 30, 31. 33 qj wliich aTc oo avulsion of the skin of both the 
penis and scrotum. The earliest report of complete destruction of the 
skin of the penis and scrotum is that of Gibbs,^^ in 1855. Sixteen years 
later, Conrad^^ reported a case of reproduction of the scrotum. The re- 
maining reports have all been recoi-ded in the present century. It is in- 
teresting to note that with the advent of the more extensive use of 
machinerj’-, reports of this accident have appeared with increasing 
frequency. 

Defects resulting in complete ablation of skin covering of the penis 
may be considered either traumatic or infectious. The traumatic group 
includes those cases in ivhich the loss has resulted from direct trauma, 
as in accidents or burns, or surgical trauma, 

as in circumcision.^ The infectious group consists of those cases arising 
from any infectious process, as lymphogranuloma inguinale^ or ure- 
thritis.^^ 

The essential problem in the coiTection of surface defects of the 
penis is that of restoration of skin coverage. Surgical reconstruction 
is modified by the specific type of defect and associated complications. 
In those cases in which complete loss of skin has resulted from trauma 
(accidental or surgical), repair can be satisfactorily accomplished fol- 
lowing an adequate debridement and the application of a half-thickness 
skin ”raft Restoration of coverage in the infectious case obviously re- 
^ ™es more detailed consideration and, naturally, infection must be 
^r^^i^ated first or sufficiently reduced before a graft can be .judiciously 
The defect must be in a state which will not only permit the 
Nation of healthy granulation but which will also support the graft 

and maintain its viability. 

-^ived for publication. Feb. 1. 1042 . 
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Examinatioa revealed a greatly enlarged and edematous penis. The edematous 
prepuce was hanging over the meatus. A urethral discharge rvas present. The 
testicles were slightly swollen and tender. 

A diagnosis of gangrene involving the whole dorsal portion of the skin of the 
penis and subcutaneous tissues was made, September 5. On the same day, a supra- 
pubic cystotomy was done by the urologist. 







Fig. 3. 



\ hoaline following application of scrotx 

irnJJ'iannt ^mparlsou of llic results oblalnctl from skin graft am 
iran‘'Plunt ia »<eon when compaiing Fig. 4 and 7* 


cuff tran*;- 
scrotal cuff 
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lion with tlic defect over iJie sliaft of tiie penis.- Restoration was 
snceessful in this instance and the patient suffered no pain following 
reconstruction. A report of this case follows. 

C.VSE RETOIIT 

T. B., a 5(i-ycav-ol(l negro farmer, -n-as admitted to Ciiarity Hospital, Sept. 3, 
1934, on flic genitourinary service, complaining of swelling of tlie penis. Three days 
before, the pcni.s became .•nvollon rather .suddenlj-. He had had a discharge from 
the urethra for several weeks. He could urinate only in small streams and complained 
of a buiTiing sensation following urination. 
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Examination repealed a greatlj enlarged and edematous penis. The edematous 
prepuce I'as hanging over the meatus. A urethral discharge was present. The 
testicles nere slightly swollen and tender. 

A diagnosis of gangrene miolring the whole dorsal portion of the shin of the 
penis and subcutaneous tissues was made, September 5. On the same day, a supra- 
pubic cjstotomy was done bj' the urologist. 
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Fix' 3 — Pliotoprraph -iliOMine first xtace repair «horo penis Is burkd beneath scrotal 
Ciitr tr.ansplnnt -"-.uiai 


lip A — Pliotopnipli siioviinp btaling following application 
plant A clear comparison of the results obt.alned from skin 
transplant is seen when comparing Fig 4 and 7. 


of scrotal cuff trans- 
graft and scrotal cull 
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On October 10, the patient was seen in consultation. An examination at this 
time revealed a defect of the penis which extended from the corona to the symphysis 
pubis and involved the entire dorsum to extend downward on either side practically 
to the frenum, thus leaving- only a small portion of skin extending from the frenuni 
back to the .scrotum on the under surface. There was evidence of chronic infection 
and lymphedema in the skin at the ba.se of the penis, which extended down to be 
reflected in the skin of the scrotum. The defect under the penis was relatively free 
of infection and under the entire surface there was a firm, smooth, velvety granula- 
tion (Figs. 1 and 2). 

It was decided to attempt repair with cuff pedicle skin transplant. A pattern of 
the denuded portion of the penis was made and an area this size outlined over the 
anterior surface of the scrotum. Transverse lines were made at the point repre- 
senting the length of the pattern and the skin -was incised along these lines down to 
the subcutaneous tissues. Tlie skin between the two incisions was then separated 
from the subcutaneous tissues so as to form a tunnel, through which the penis was 
drawn. With the penis in this position, the undersurface of the skin of the tunnel 
was in approximation with the denuded area on the dorsum of the penis. Skin 
borders at the base of the penis and at the corona were pared and to these pared 
borders end-on mattress sutures of chromic 0000 silkworm gut were applied. A 
xeroform dressing was then placed over the wound (Fig. 3). 

The cuff took nicelj’ and on October 24, the second stage of the operation was 
done. Tinder spinal anesthesia, the right pedicle of the cuff was out and the edges of 
the penile skin were freed and the cuff sutured to them. On October 31, under local 
anesthesia, the left pedicle was cut away and the graft sutured to the skin of the 
penis after it had been freed. The patient was discharged Jan. 2, 1935, completely 
healed (Fig. 4). 

Tlie end result from a scrotal skin flap is not as satisfactory as from 
the half-thickness skin graft because of the increased thiclmess and the 
loss of pliabilitj'’ resulting from the former method. 

Because there was complete loss of all scrotal skin and because 
the defect was further complicated by an extensive laceration down- 
ward into the perineum extending almost to tlie anus, reconstruction 
of the defect of the penis by a half-thiclmess skin graft was employed 
in the following case. 


REPORT OP CASE 

J. H., a white farmer, aged 38 years, was admitted to Charity Hospital, Oct. C, 
1938. Eight hours before, while working on a rice binder, Ixe stepped too close to 
the drive shaft connecting the binder to a tractor. Not only the clothing but also 
the external genitalia were caught by a coupling on the shaft, which was revolving 
at high speed, resulting in complete denudation of the penis and scrotum (Figs. 

5 and G). 

Examination on admission revealed a patient lying flat on his back, fully con- 
• s with no suggestion of sliock. The penis and testicles were mapped in a 
■' B of old linen, which was saturated witli blood. Close inspection revealed !i 
dressing denuded from the base to the corona, where there was a small cuff 

penis comp ggrotal skin was lost. The testicles were freely movable anti could 
of without difficulty. There was no apparent injury to the cord on 

pe wide y testicles and extending posteriorly almost to the anu.s, was 

either si e. permitted sufficient separation of .skin margins to give a large, 

a laceration There was no apparent involvement of the anus nor per- 

exposed perineal nounti. 

foration of the fascia. 
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It was obvious that skin graft would not be desirable for complete repair of such 
an extensive defect (entire loss of the skin of the scrotum and penis) because of 
the inability of adequately applying pressure to hold the skin graft in intimate con- 
tact with the total surface of the defect. To attempt to cover the testicles 
completely by means of single pedicle skin transplant or other tr-pes of tissue trans- 
plant would have been equally as injudicious. Obviously, satisfactory repair could 
result only from a procedure which would permit the immediate grafting of the 
penis and the burial of the testicles under a protective skin covering. Unless this 
could be accomplished, certain infection with its subsequent complications would 
ensue. Therefore, the skin was dissected along the medial aspect of each thigh so 
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-PhotoKraph .show ins complctp lo*.-! nf .-.kin 


o\er un<l t»\«Uc!o.s. 


--rimtoKrapli showing conipletn loss of skin over pints anO tasticlcs 
tlie roniplcto frwdom of lUv testicles nml lli. .xtensixe laccrat. <1 uounil slioon 
llie rlkiit tcsUolc nliere It «‘xlcnds ilo«u> into tlie perlnuun. 
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as 1o form a small pocket between tlic skin and the underlying fat and fascia of the 
thigh. This was enlarged sutRclently to permit the reception of a single testicle, 
cneli being placed in a corresponding pocket on its re.spective thigli. There was no 
undue tension nor distortion of the tc.sticles. On the contrary, the pocket seemed 
to .sui)port the testicles .so that there was less tension on the cord tlmn is usually 
seen. The skin border above the pocket was then approximated w'ith the opposite 
skin border of the defect and hold together by means of interrupted sutures of black 
silk and 0000 silkworm gut. Thus, each testicle was completely encased beneath the 
skin, medial to the thigh on its respectir’e side, and wa.s covered with skin and a 


Fig. 7. 


Fig. 8. 



healing following the appHc.-itlon of skin gr.ift to tlie 
- _photograpti shoeing month.s following operation. 

Photograph taken app _ p,ete healing of penis following application of 

’’ e Photograph s''°'f*"^nws ?hc tcsticle.s wlicrc tlicy are imbedded heneafli 
'crffT This photograph f»jr®the over the skin of the thighs, 

skin of the thighs as 
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slight padding of fat as a protection. A half-tliickne.ss skin graft was removed from 
the inner surface of tlie right arm and applied around the entire shaft of the penis. 
It was held fixed bj' means of interrupted sutures which completely encircled the skin 
near the corona and another row of interrupted sutures attaching the skin graft 
to the abdominal perineal skin at the base of the penis. Sutures were also taken 
down the line where the longitudinal border of the skin graft overlapped. This held 
the skin firmly in place around tlie shaft of the penis. A xeroform gauze dressing 
was applied over the entire surface of the skin graft. Over this a dry gauze, sea- 
sponge, pressure dressing was applied. A week later the dressing was removed, re- 
vealing a satisfactory graft. There was no evidence of infection around the perineal 
wound nor in the pockets wliich had been formed for the reception of the two 
testicles. Tlie dressing was changed daily thereafter, and on the fourteenth day 
the patient was permitted to sit up in a chair (Pigs. 7 and 8). 

On the theory that sterility ensues in a testicle which maintains a temperature 
equal to body heat and not one degree less, reconstruction of a scrotum was next 
considered. This could be done by forming a .single pedicle skin transplant from the 
skin of the thigh immediately covering tlic buried testicle and raising the skin 
and its underlying fat witli tlie testicle attaclied so as to bring it into approxima- 
tion witli a similar flap on the opposite side.'-* The two flaps covering their re- 
spective testicles would meet and approximate in a cuplike fashion so that they 
could be sutured around their circumference, thus completely encircling the two 
testicles and giidng absolute skin covering with an underlying fat pad for protec- 
tion. This, of course, would have necessitated tliree operative stages. The resulting 
scrotal sac would liave been considerably larger than normal and would have been 
devoid of any contractile property. However, the patient was not even remotely 
interested in this operation. When confronted with the fact that he would most 
likely be sterile if some attempt to remove tlie testicles from their present site was 
not carried out, he stated that sterility was desirable because of tlie large size of 
his family. When last seen and examined, April 1, 1940, the patient was found to 
bo completely healed with satisfactory results. He has experienced no difBculty in 
any respect and tlicre has been no disturbance whatever with normal physiologic 
functions. 
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ns to form n small poclcot between the skin and the underlj-ing fat and fascia of the 
tliigli. Tins ^\as enluigcd snfficicnfly to permit the reception of a single testicle, 
each being placed in a corresponding pocket on its respccthc thigh. There nas no 
undue tension noi distoition of the testieles. On the contrary, the pocket seemed 
to support the testicles so that there nas loss tension on the cord than is usually 
aeon. The skin bordoi aboie the pocket was then approximated with the opposite 
.skin border of the defect and held together by means of inteirupted sutures of black 
silk and 0000 silknoim gut. Thus, each testicle nas completely encased beneath the 
skin, medial to the thigh on its respective side, and nas coiered nith skin and a 
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THE ELEVATION OP THE NASAL BRIDGE LINE 
Dokald W. MacCollum, M.D., P.A.C.S., Bostok, jMass, 

(From the Department of Surgery, Earvard University Madical School and The 
Surgical Services of the Peter Bent Brigham Hospital and Children’s Hospital) 

INTRODUCTIOX 

F or centuries the stigma of a misshapen nose has caused the hearer to 
seek relief of his deformity either through surgery or through the 
camouflage of a corrective cosmetic make-up. In the early middle ages, 
artificial noses were often worn bj' normal people as a stylish fetish. 
Therefore, little comment was caused Avhen those with nasal defects wore 
these same artificial noses to cover their deformities. In this age the so- 
called “fathers of plastic surgery’’ i-ose to fame, not by their ability to 
reconstruct an ear or to graft an unhealed area, but primarly on the ■ 
self-heralded excellence of their nasal reconstructions. Their claims of 
success became so fantastic that they excited the ridicule and disbelief 
of both the church and the public, so that by the late eighteenth century 
the whole field of reconstructive surgeiy had fallen into great disrepute. 
Such a stage of indignation over charlatan claims and practices was 
reached that the Paris Faculty in 1778 passed a resolution forbidding 
any further corrective surgeiy of the face. 

Since that time the scope of plastic surgery has widened to include the 
relief of many conditions other than nasal deformities. The principles 
governing this field of surgery have been founded gradually and, con- 
trary to popular belief, were well established long before 'World IVar I. 
Several procedures were tested during this war which resulted in the 
popular adoption of many of the sound proeedui-es and the discontinua- 
tion of most of the unsound ones. These principles have been embellished 
further during peace time so that now they have attained significant 
stature among the surgical fundamentals for World War II, 

CAUSES OF N.VSAI, DEPRESSIOX 

Congcniial . — The external portion of the nose is formed by a central 
field of tissue that curves down over the head of the embryo and ad- 
vances eaudally on the ventral surface until it meets the paired maxil- 
lary protuberances from the fir.st branchial arch to form the upper lip. 
This central cranial field, more commonly called the nasal field, is made 
tip of four anlagc, a central pair bounded on each -side by another which 

for iniblicnlion, Sept. 12» 1D41. 
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\lneli a hematoma, iiartieularl}- of the septum, is allowed to remain nn- 
Irained so that it subsequently becomes infected. An osteomyelitis of 
he nasal bones is the frequent sequelae with either absorption or extru- 



Fibs 1 and 2 (Case 1) — This patient exhibits a congemtalh small nose siith the 
deftciencj particular!} marked at the nasal bridge She was obser\ed o}er a period 
of t«o }cars during which time there was no impro\ement At the age of six jcars 
a hinged osteochondral graft was inserted. 



rigs S iiml 1 (Cast 1) — riiotognphs taken two m irs aft< r Insi rtion of tl 
.^he rVst'o? n" ho,h''yr^^^^^ I'loportlc 
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together make the lateral pair. The central pair form a portion of the 
dorsum of the nose, a portion of the nasal septum, the columella and 
filtrum of the lip. The lateral pair develo23 into the sides of the nose and 
the alae. 

If there is an absence of the entire nasal field, the patient is born with 
no nose at all. If there is an arrest in its descent, the nose is represented 
by two nostrils up above or between the eyes. If one lateral nasal 
process fails to descend, the jjatient will be born with only one nostril. 

If the descent of these processes progresses in the normal manner but 
the amount of tissvre contributed by each is deficient, the result is a 
perfectly formed uose exceiDt that it is too small. A patient with this 
anomalj^ characteristically has a veiy flat nasal bridge, epicauthal folds, 
and a turned up nubbin of soft tissue perforated with normal nostrils 
representing the tip. It is this latter type of deformity that is ordi- 
naril}' neglected when the patient is a child because of the erroneous 
idea that it will correct itself. This results in a jmung adult with a nose 
many sizes too small for the rest of the face. It is very difiieult to cor- 
rect the deformity in adult life because the soft tissue, deficient to begin 
with and never having been stretched by proper bone growth beneath 
it, is incapable of being distended to the proper size in one operative 
maneuver. It is my opinion that an osteochondral graft from the crest 
of the ilium should be inserted when the patient is 4 or 5 years of age 
in an effort to stretch this skin earlj’- in life. If the graft takes properly 
it should presumably gi’ow with the patient, as is shown in Case 1. If 
the result is satisfactory when the patient reaches 15 or 16 j^ears of age, 
further operative procedures will not be necessaiy. If it is not satis- 
factory, this first graft can either be added to, or removed and replaced 
with a larger graft at this time. The procedure of grafting early should 
produce gradual stretching of the skin covering so the insertion of a 
o-raft of adequate size can more easi^^ be accomplished when the face 
has reached adult proportions. 

Neoplastic. — Tumors involving the nose, like those elsewhere on the 
bodv may be either benign or malignant. Benign tumors, such as hem- 
ano-iomas or lymphangiomas, are usually eradicated by radiation or ex- 
cision udthout the destruction of the bony framework. Malignant tumors 
may involve bone and thus require excision of the entire nose including 
the bony and cartilaginous framework to remove the tumor succc.ssfully. 

In the latter case an entire nose must be rebuilt, a procedure which does 
come within the scope of this paper. Benign tumors of the septum, 
h as a dermoid, may be so extensive that removal of ail or part of 
+r \nnnortin<r structures may be necessary for extirpation of the 
Ul The late result may be either a depre.ssed nasal bridge or tip 
' ’ill require elevation with a gi-aft for a good cosmetic effect, 
wine 1 VI . f-iojjs frequently follow trauma to the nose in wliich 

^ compound fracture of either bone or cartilage, or in 
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Trauma . — Fractures of the supporting framework of the nose are 
frequent and are accompanied by varying degrees of displacement of 
these structures. Unless the comminution of the fragments is exces- 
sive, all of the parts that are displaced usually can be restored to their 
original positions soon after the injury without the necessity of using 
a graft for additional support. However, if the trauma has been fre- 
quent and repeated at intervals over a prolonged period of time, simple 
refracturing and restoration of the bone and cartilage to their normal 
positions often is not sufficient to produce a good cosmetic result. 
These old fractures are characterized by a flattening of the entii-e nasal 
bridge in addition to a crushed and badly deviated septum which is 



Ffff. 7. Pig. g. 

Pfgs. 7 and S (Case 2 ). — Photographs taken cisht months after inser'lon of a 
sinRlc v,cdBe-shapcd bone graft from the iliac crest without the use of the sen'rl 
hlnsed portion. 

not able to be permanently raised or straightened. In the latter case 
it is preferable to perform a .submucous resection of the distorted 
septum ami, possibly during the same operative procedure, to rcfrac- 
ture and set the nasal hones into as nearly normal a position as pos- 
sihle. After a six-month interval further elevation of the liridgc line 
can be accomplished by the insertion of a graft. In .some patients 
who.se features are naturally large, the lliitteniiig of the iia.sal boiic.s 
may be so marked that it is frequently more satisfactory to build a 
bromlev nose by iuseiUng a wide graft without the prcliniinaiy re- 
frneturiiig (Case 4), 
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sion of tlie bone as sequestra. Infection of tlie Jiair follicles within the 
nasal vestibule nia}" extend to the septum to cause destruction of the 
cartilaginous portion of the septum and occasionally the bonj' frame- 
work. For centuries, lupus and syphilis have been classic in producing 
nasal deformities which Avere so distinctive that thej’’ AA^ere easilj^ rec- 
ognized even bj' laymen. 



Fig:. 5. 


Fie. 6. 


tJ. 

R 2). — This patient received a crushine injury to his nose which 

Figs. 5 nnd 0 ( fracture of the nasal bones and septum. Following tins he 

r®l"‘n‘’ii?ectiSnf the septum (cartilaginous) which subsided after drainage. These 
photogr.aphs were^tauen one year after the injury. 

The successful treatment of nasal dcstruclion folloAving infcclion dc- 
TAPiids upon the complete control of Avhatever infectious organisms eaiisec 
fhe original deformity. S.vphilis and lupus must, therefore be well 
! . AW “before reparative measures are begun. To allay the danger of 

^^etivitinn- an old infection it is ahvays a wise precaution to Y’ait at 
reaetiAat . infectious process has subsided 

least SIX ^i,^;;p,rative reconstruction. It is also neee.ssary to 

before “ tissues have been lost before the repair is begun, 

evaluate of either the nasal skin or the na.sal mucosa has 

If a significai P oi. cartilaginous support, no 

been destroyec ‘ remainder by means of a graft Avill pro- 

ainount of stie “suit In the latter case a lined pedicle flap from 
duce a satisfactory r ^^^_^^j^pootoral region is lirought up to replace 
fbe forehead, arm, o • supporting structure is 

the loss of soft tissue anci 

inserted. 
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substances under the nasal skin. Of these, the most widely used was 
a wax of low melting point which ivas injected in the subcutaneous 
tissue over the nose, moulded in the proper shape with the fingers, 
and set by the application of cold packs. The effect was only tem- 
porary, the usual termination being either a slough of the nasal skin 
or a paraffinoma. It is unfortunate that this method is still used by 
less reputable men and some licensed cosmeticians. Other inert sub- 
stances such as silver, celluloid, and ivory, when cut to the proper 
shape, have been and are still used. These artificial supports have 
usually caused the surrounding tissues to react in such a fashion that 
extrusion of the foreign body was inevitable. 



Fig J3. Fig. 14 

15 and 14 (Case 4) — Photographs of a patient %\ho had had his nose frac- 
tured on n\e diflerent occa^iont? in ele\en jears. The last injury occuried two jeais 
before these pictures were taken. 


Autogenous grafts of fat or fascia have been emploj'cd with varying 
degrees of suecess. A sufficient residue of either tissue is difficult to 
maintain, as uncertain proportions of both substances tend to melt 
away gradually when transplanted out of tlieir usual environment. 
Through trial and error, the materials insuring the best and most per- 
manent re.snlts have been found to be either bone or cartilage. The 
autogenous grafts of both of these substances arc used by tlie majority 
of plastic surgeons, but recently pre.served homogenous grafts of car- 
tilage have been found to be equally successful.* 

The author lias found that the use of autogeiiou.s cartilage gi’afts 
has one important disadvantage to offset the obvious advantage of 
working with u matei'ia! that may i)e easily shaped to tiic desired 
contour. The only donor site of autogenous cartilage of the desired 
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CHOICE or MATERIALS 

The methods of elcAmtion of the depiessed nasal bridge line have run 
the plastic gamut perhajis more than any other reeonstructn^e proce- 
dure Aftei the passing of the era of aitificial noses, attempts were 
made to fill up a nasal depiession bj the nisei tion of i^aiious nomnable 



Fig 9 Fig 10 

Figs 9 and 10 (Case 3) — Photographs taken fourteen ^ea^s after an operation 
for a deviated septum At that time eiUier too much of tlio septum i\ as remoi ed or 
the patient developed a hematoma that became infected and resulted m this depies- 
sion 



rig 12 


Fig 

■r.i,r.tr.iTnnhs taken tiio leari after tnierllon of a hingtd 
11 and 12 (CaseJ) -PJl°{?Kn7rom the crest of the ilium 
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The desired amount of bone necessary for this reconstructive ivork 
is more easily available than is a similar amount of cartilage and may 
be procured from either the iliac crest, tibial crest, or ribs. The only 
distinct drawback encountered Avith the usage of bony struts is the 
difficulty in handling and carving it to the desired shape. This latter 
difficulty may be overcome by use of the proper instruments and the 
development of an operatiA'e technique which is suitable. It has been 
mj' experience that bone from the iliac crest has served admirably to 
relieve nasal deformity ivithout any sequelae that ivere distressing to 
either the patient or surgeon. 

technique op obtaining and using iliac bone 

On the evening before operation the hairs inside both nostrils are 
clipped and the nasal A'estibule cleaned with swabs of normal saline 
solution. The face is then thoroughly ivashed Avith mild soap and 
Avater and SAvabbed AAUth a Aveak astringent solution. In Avomen, the 
use of face creams usually applied upon retiring is forbidden. The 
pubic area, loAver abdomen, and upper thighs are shaved and cleansed 
in the same fasliion as the face. The.se fields are not Avrapped in sterile 
tOAvels, as I believe that this practice produces an excess in perspira- 
tion, thereby raising the local bacterial count. On the folloAving morn- 
ing all fields are again cleansed in the same fashion as thej" Avere the 
night before, except that for men a complete close shave of the face 
is done tAA’o hours before operation. 

Although the entire operation is po.ssible under a local anesthetic to 
the nasal area and a spinal anesthetic for the hip area, I advise a 
general anesthetic, preferably rectal aA-ertin supplemented AA-ith intra- 
tracheal gas-oxygen ether. A general anesthetic eliminates any psychic 
distress due to the noise and pre.ssure caused by the chiselling of the 
bone from the iliac ei-est. 

At the time of the operation the fields are again prepared Avith soap, 
AA-ater, alcohol, and ether. The inside of the nose is carefully sAvabbed 
AA-ith some mild nonirritating antiseptic such as zephiran or aqueous 
merthiolate. The distance is noAv measured off from the glabella to 
the apex of the nasal tip, a point formed by the anterior reflexion of 
the alar cartilages on the septal cartilages. These Iavo points are 
marked AA-ith llonney’s blue paint and the midlinc of the nose betAA-een 
these points is dotted on the skin A\-ith a sharp fine needle dipped in 
the same dye. If only a single straight Avcdge-.shaped graft is to bo 
used Avithout a columellar .strut this glabella-to-tip measurement Avill 
then represent the length of the desired bony segment. If a columellar 
strut is needed to insure .support of the tip, then this measurement 
represents only tA\-o-thirds of the length of the required amount of 
bone. 

A solution of eight drops of Vi.no,> adrenalin to the oimec of either 
.saline .solution or novocain is injected next into the columella, the 
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quantity necessary for raising the nasal bridge is situated at the junc- 
ture of the anterior ribcage with the sternum. All of these cartilages 
are naturally curved. In order to fashion a straight segment from this 
tissue it is necessary to whittle it down at both ends and leave the 
middle relatively undisturbed. jMieroscopie examination of the finished 
cartilaginous strut, even though straight externally, Avill show that the 
predominance of cells still run in a curved direction. When this sup- 
port is placed under the nasal skin it will appear at first to be straight 
but as time goes on, an appreciable number of grafts will begin to twist 
and re-establish the original curvature that existed in the donor sites. 
It has been stated that preserved homogenous grafts have less of this 
distressing tendency toward the development of curvatures subsequent 
to operation, than either homogenous or autogenous fresh cartilage. 



Eig. 15. 


Fig. 16. 


„ •ic -IK fPnse 4) — Photographs taken one month after Insertion of a 
from tlie^crest of the ilium Tlie entire t\icUh of the iliac crest \\as 
hinged iiitlc enough graft so tliat the new nose uouid match the other 

rSeea’fettuJes m this face. 


AYhen bone is properly used for nasal support this disadvantage of 
1 mirvature is eliminated. Some authors have reported gradual 
i.- onleium from tlie bony framework in this .site and tlie 

absorp ion fibrous tissue. However, this fibrous ti.s.suo re- 

replaeemen i bi quantities sufficient to retain the original 

placemml enlcium is of li.tio i„.p„rt.nco. Tl.is 

cosmetic elie place in those cases in wliich the graft was 

absorption has no ‘ I j ^ union between the graft and the 
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silk sutures to the muscle and fascia layers, subcutaneous layer, and 
subcuticular layer. A continuous suture of fine dermic is used for the 
skin. A small rubber Avick drain is inserted doAvn to the bone to re- 
main in place for tAventy-four hours. A pressure dressing of gauze, 
elastoplast, and A-S-E bandage is then applied. 

The bone remoA'^ed from the ilium is ucaa' sculptui’ed to the desired 
size and shape. This part of the procedure is the most difficult and 
exasperating of the entire operation. Unless the instruments used for 
holding the graft are adequate, the graft is likely to skid off the table. 
If the instruments used to mold it are dull, it may be broken or crushed 
out of its planned shape. 

If a single bridge strut is to be used, the shape of the graft on antero- 
posterior vieAV is roughly rectangular, the end of the rectangle Avdiich 
aaIU lie at the nasal tip being slightly narroAver than that AA'hich aatII 
lie at the glabellar end. On the lateral or profile aucav, this graft is 
thin in the glabellar region, reaches the limit of its thickness at the 
point Avhere the graft Avill leave the support of the nasal bones on 
Avhich it is to rest, and again gradually thins tOAvard the tip. In this 
vicAv the part that Avill form the bindge line is straight, so that one can 
imagine the graft to be shaped like a solid triangle, the base being the 
bridge line, one side the poi'tion that AAill rest on the nasal bones, and 
the other side the part that extends from the nasal bones to the tip 
of the nose. The apex or peak of the triangle rests at the point Avhere 
the graft leaAms the support at the anterior end of the nasal bones. 
The under surface of the side that rests on the nasal bones is grooved 
slightly doAvn its center to fit tightly to the slight transverse curA-ature 
of the nasal bones. 

If a eolumellar strut is needed in addition to the bpdge support, a 
segment of bone one-third longer than that required for a single Avedge 
graft is remoA'ed. The bridge portion is formed in the same fashion 
as that described aboA'e but the periosteum of the graft is left intact 
at the tip end to serve as a hinge for the narroAV eolumellar portion. 
The eolumellar portion folds back on the hinge so that the intact 
pcriostcAun forms an angle of 270° at the tip. Further support of the 
tip is effected by the upper end of the body of the eolumellar strut 
Avhieh ro.sts against the .slanting under .surface of the tip of the bridge 
portion for a distance of about 1 cm. 

After the graft has been cut to the desired .shape, the pack is re- 
moved from the nose slowly and carefully, to prevent hemorrhage. 
Two skin hooks are placed in the skin to hold the inei.sion apart Avhile 
the graft is inserted. It is aksolutely necessary that the graft be placed 
inside and not above the periosteal pocket made to receive it. If the 
graft has been correctly shaped by measurement it will fit lightly and 
seeuroly without any lendeney to shift or tAvi.st out of position. IVhen 
a eolumellar prop is used the free end must fit snugly onto the max- 
illary mens in order to give .stability to the tip. The eolumellar wound 
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septmn, and beneatli the periosteum of the nasal bones. This will 
facilitate both the dissection and the control of liemori'liage. A ver- 
tical incision is made through the skin of the columella, dividing it 
into two longitudinal halves. To prevent perforation of the septal 
mucosa a forefinger is inserted in one nostril and the thumb in the 
other; the lowei’ septum is held between the two while the skin incision 
is deepened bj’’ sharp dissection until the knife reaches the nasal bones. 
The operator then changes the glove on the hand that held the septum 
and packs each nostril with a swab soaked in a mild antiseptic solution. 
The knife is again inserted and the j)eriosteum of the nasal bones is 
cut transversely at its anterior attachment with the bones. A perios- 
teal elevator is then inserted through the eoluinellar incision, and 
guided through the transverse incision in the periosteum, where it is 
pushed upward earefull 3 ^ in order to raise the periosteum off the bones 
and create an oblong pocket all the way up to the glabella. After this 
pocket has been formed, the outer table of the nasal bones are scraped 
with a file to give a better foundation for the graft. The entire cavity 
thus formed is now packed with dry gauze to control hemorrhage. 
Care must be taken in placing this pack to prevent distention of the 
skin to the point of shutting off the circulation to the relatively thin 
layer over the bridge line. A pack of iced sterile saline solution is 
placed over the outside of the nose to help control hemorrhage and to 
prevent excessive edema. It must be emphasized that this dissection 
should be done most gently and carefullj", vdth the tips of the fingers 
of one hand always placed on the external surface of the nose over the 
point where the instrument is being used. This is the only safe way 
to prevent tearing through or “buttonholing” the skin over the bridge 
line. 

An incision is now made over the iliac crest so that the inferior end 


of the incision terminates at the anterosuperior spine of the ilium. The 
incision is carried dorni to, but not through, the periosteum. The at- 
tachment of the muscles is freed from the lateral border of the crest 
for the entire length of the incision and for a depth of about one inch. 
Bleeding is usually controlled by retraction of the cut muscle ends 
under pressure. The desired length of hone is now measured off on 
the iliac crest. Usually the ilium is of sufficient thickness so that only 
nortion of the crest and outer table is needed. Oceasionally a wide 
nasal bridge is required so that a segment comprised of both the inner 
a tables is removed in one piece (Case 4). 

%hp nrocedure of removing this segment must follow a strictly “no- 
it iieh” technique. Separate instruments and instrument tables 
hand- o possible contamination of the raw bone with 

are used o contact with the external skin. The 

gloved hand „i,5selcd away from the crest and is then dropped 
bony fragment i. site is dosed. The clo.sure 

into sterile sa me s „ interrupted fine catgut sutures or fine 

is in three layers with eitmi 



COTTON SUTURE IMATEEIAL AND EARLY AMBULATION 
IN GYNECOLOGY AND OBSTETRICS 

E. 'W. Nelsox, jM.D., axd Coxrvd G, Collixs, M.D., M.S., F.A.C.S. 
New Orleaxs, La. 

(From the Department of Gynecology and Obstetrics, School of Jledtcine, the 
Tiilane Dniiersity of Louisiana, and the Tulane Unit, Charity Sospital) 

I N RECENT years there has been a deeided trend in surgical practice 
toward adoption of nonabsorbable suture materials in most fields of 
endeavor, and of these, silk has been the most mdely used. Even more 
recently, however, stimulated by the reports of Gage, and Meade and 
Ochsner, spool cotton has acquired prominence. Each month new reports 
confirm the original observations justifying the use of cotton and indicat- 
ing its ever-widening acceptance. In gj-necologic surgery the swing to- 
ward nonabsorlDalile materials has been less enthusiastic, largely because 
of prejudice born of misuse of the materials employed. In July, 1941, 
a clinical trial of spool cotton Avas instituted in selected cases on the 
colored gjTiccologic service, Tulane Unit, Charity Hospital, Ncav Orleans. 
Results in these first few cases Avcre so gratifAung that the scope was 
rapidly broadened until, at present, cotton suture material is used 
exclusively by us in all gjmecologic operations We noAv have complete 
data on 160 eases, and it is our purpose to report the results in these 
eases. 

Needless to say, in changinsr from catgut to cotton sutures, our tech- 
nique had to be altered completely, and parentlielieally, considerably im- 
pioved. Cotton, like any other nonabsorbable suture, Avhen used accord- 
ing to the principles of Halsted. calls for an exactness of technique, no 
longer the mass crushing and ligation of tissue, Avith its inevitable tissue 
necrosis. At first this chansc Avas difficult and it seemed almost neces- 
sary to continue our former methods of handling the tough ligamentous 
and scarred tissue. With increased experience, hoAve\er, Ave found it 
simpler to deal with .smaller bits of tissue and employ lighter suture 
material. When our study commenced, for instanee, crochet cotton No. 
20 A\as used to ligate the uterine and oA'arian Acssels; this A\as quickly 
reduced to No. 8. Noav a\c are able to perform total hysterectomy AAuth 
no suture material heavier than No. 40 (ordinary sewing cotton). In 
plastic A\ork aac have reduced the sire of our sutures to No. SO and No. 
120, almost ineiedibly fine in diameter, but Avith sufficient tensile 
strengt h for the purpose. We liaAc found that the aAcrairc increased 
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IS now closed by sutures of 4-0 plain catgut to the subcutaneous tissue, 
and the skin aj^proximated with sutures of 8-0 dermic. Whitehead’s 
varnish is painted on the wound, over which is placed a one-half inch 
gauze tape that will Imcoine adherent to the around when the varnish 
becomes dry enough to be tacky. 


POSTOPERATn'E CARE 

For the first forty-eight hours after operation constant sterile iced 
saline solution compresses are kept over the nose and eyes. Any ac- 
cumulation of blood in either the donor or recipient areas must be 
immediately expressed or aspirated to prevent infection and residual 
thickening in these sites. The skin sutures are removed from the 
columella on the third or fourth postoperative day and those from the 
donor wound on the seventh postoperative day. The patient’s nostrils 
are carefully oiled each day and kept free of crusts. When the edema 
begins to subside on the thii'd or fourth postoperative day the mucosa 
may be shrunken even further with sprays of ephedrine sulphate. This 
is done primarily for tlie patient’s comfort and to prevent sneezing or 
coughing. Both of the latter acts, if violently’' done, may start up a 
secondary hemorrhage in the periosteal pocket. The patient is allowed 
to walk about on the eighth or ninth ijostoperative day, at which tijne 
he usually complains of muscle soreness in the hip region. This sore- 
ness generally disappears after a few days of graduated exercise so 
that the patient can resume normal work two to three Aveeks after 
operation. 

The graft becomes firmly adherent by bony union to the nasal bones 
Avithin six to eight Aveeks. X-rays taken at this and subsequent times 
shoAV moderate loss of calcification comparable to that AAhieh AAmuld 
occur in any bone of the extremities after a period of six to eight Aveeks 
of nonuse. 

The result may noAV be considered permanent, because if primary 
healing is good, subsequent absorption does not occur. Further cau- 
dence of the fact that this graft is viable is proved by one of the eases 
treated by Gillies'’ in AA'hieh the bone graft aa^s fractured by a Moaa' 
to the nose seAmral months after implantation. Simple setting of this 
fracture of the graft Avas done. After six AAmcks the tAA'o fractured 
ends of the graft had healed in good position AA-ith the resumption of 
the previous excellent cosmetic result. 

coxcnusioxs 


Ti e o-rafts taken from the iliac crest and inserted in the nose for 
fl nuruose of raising the bridge line or giving support to tlie nasal 
I- 1 r,,.ndnced satisfactory results AA-ithout extru.sion, destruction, 
tip haA p „n,.r,t;on of the graft at a later time. Fipceifie technical 

been together rvith Tor „ec. 
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Our results in plastic procedure are even more gratifying. Here again, 
we have been reassured by excellent functional and cosmetic results, 
lowered morbidity and postoperative comfort. As with the laparotomies, 
the patients are ambulatoi’y in perfect comfort. It is almost in the realm 
of fancy to see patients who have had such operations as vaginal 
hysterectomies and repair of third-degree lacerations, walking and sit- 
ting at ease within twenty-four to thirty-six hours after operation. 
In several instances patients thought that the operation had not yet been 
performed. This is attributed mainly to lack of tissue reaction result- 
ing from cotton sutures and gentleness in technique. Patients who 
have had vaginal hysterectomy can be comfortably examined three days 
after surgery; there is a noticeable lack of discharge, perineal edema, 
and reaction about the sutiuns. Again, it must be emphasized that this 
will follow only after careful surgical technique, especially the inclusion 
of but small bits of tissue in any one suture, and the use of only fine 
sutures. Among our plastic procedures, healing was per primam in 
100 per cent of the cases, with the exception of one fresh third-degree 
laceration which evinced a small fecal fistula at the top of the repair. 
In this instance there was no infection and the poor immediate result is 
attributed to an omissive error in the repair. The fistula closed spon- 
taneously four weel?s follonnng operation. Infection has not occurred 
in any of our plastic procedures. Table I eontains a list of the types 
of eases in which cotton has been successfully employed. 


TABLt; I 

C.vsES IN Wincii COTTOX Suture Matfuiau Has Been- Successfully Employed 



fTotal abdominal 

G9 

71.1% 

Hj sterectomies 

97‘i Supracervical 

C 

6.2% 


'.Vaginal 

22 

22.7% 


Laparotomies 


Thircl (tegree lacerations 

Lcrort colpoelcisis 

Secondary repair of Mound disruption 

Mancliepter 

Anterior and posterior colporrliapliy 

Con ical amputation 

Watkins interposition 

Vesicoiaginal fistula 

Inguinal hernia 

Carimelo 

Kpisiotomy 


30 


rlnciuding suspensions, correetion of in- 
J flammatory conditions, ectopic preg- 
j nancies, associated ivitli rarious plastic 
t procedures. 

plTuo fresh, four old, two associated with 
1 vaginal Iij stcrectomv. 

3 

4 

3 (Tuo with cervical amputation) 

3 (Sturmdorf, two; Sciiroeder, one) 

1 

1 

1 


In addition to the aliovc cases, there have been many more cpisiotomies 
on our obstetrical service (now done rotitincly with cotton No. SO to 
No. l.iO on all cases), the dcltiiled leports of which arc not yet available. 
All of thc.se episiotomies have been uneotnplicaled durhig tlic hospital 
stay and from the results so far seen in our follow-up clinic we feel that 
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operating time is about twenty minutes, wiiicli would be expected with 
tlie use of interrupted sutures, but Ave feel that this time is well spent, 
as borne out by the encouraging results that folloAV. 

Among the 115 abdominal incisions there Avas no single case of serious 
wound infection, AAdiicli is notcAVorthy considering that practically aU of 
the patients AA'ere of the lowmr class, and that the majority aa'ci'c so-called 
"dirty cases.” There AA'as a gross incidence of slight Avound infection, 
AAdiich did not interfere AAotli conA'alescenee, in 8.5 per cent including two 
cases in AAdiich subfascial drains Avere used at the time of surgery as a 
precautionary measure. In these tAvo cases there AA'as rupture of fresh 
tubo-OA'arian abscess AA'ith peritoneal soiling. In no instance AA'as the 
peritoneal caA'ity drained. At first this figure may appear to be high 
but AA'hen it is considered tliat all of our incisions are placed in the mid- 
line, arising at the umbilicus and terminating the pubic hair area, AA'hich 
is too often inadequately prepared, aa'C feel that the figure is exceptionallj' 
good. Miller quotes an incidence of rouglily 20 per cent folloAving ab- 
dominal hysterectomy on the combined colored and Avhite Tulane Uni- 
A'ersity Services at Charity Hospital during 1939 and 1940. 

We believe that Ave have subjected cotton sutures to a rigid clinical 
test on our service because of the routine postoperatiA'e handling of our 
patients. All operated eases have a standing order granting bathroom 
privileges Avithin the first tAventy-four hours after surgery. Those 
patients aa'Iio do not AA'allc on the CA'ening of the operation are escorted 
to the bathroom the folloAA'ing morning, remaining ambulatoiy there- 
after. Of course, there are occasional exceptions to this rule, but these 
should be classed as infrequent and specified exceptions, such as peri- 
tonitis and pneumonia. Among the 115 laparotomy operations tliere 
Avere sixtj'-nine patients Avith total Jiysterectomies, the majority of Avhicli 
had one or both adnexa remoA'ed in addition to appendectomy in 52 per 


cent, plastic in 4 per cent, and umbilical hcrnioplasty in 3 per cent. Stay 
or retention sutures Avere never used. As stated previously, there AA'as 
no incidence of serious Avound infectiou, no Avound disruption, and in the 


EolloAA'-up there has been no incidence of incisional hernia, to date, among 
the cotton cases. It might be mentioned here, that Avliilc this study Avas 
in proo-ress, there Avere three instances of noninfeeted abdominal Avound 
disruption among nonambulatoiy Avhite patients and one colored patient 
in AA'hom chromic catgut Avas used. All of these Avere secondarily closed 
-ith cotton sutures and healed uncA-enI fully Avith exception of the one 
colored patient, aa'Iio died in bed the next day of pulmonary embolus, 
ir success in early ambulation, together with improved AA-ound heal- 
t attribiAted entirely to cotton. All patients have routine 
mg, IS ™ ‘ determinations and are administci'cd I)]ood or i)Iasma 

serum . . ..i Cevitaiuic acid is administered routinely 
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The patients exhibiting positive blood serologj" for syphilis showed no 
difference in their convalescence, except that the 7.1 per cent incidence 
of small granulations at the roof of the vaginal vault following total 
hysterectomy at six weeks, all occurred in syphilitic cases. Of the 
vaginal hysterectomies, 9.5 per cent (two cases) showed granulation; 50 
per cent of these were syphilitic. This granulation disappeared within 
four weeks after topical application of silver nitrate. Of course the 
same type of granulation tissue in the vaginal wall is seen following the 
use of catgut in a similar operation. 

Among the third-degi’ee lacerations, it might be mentioned that one 
patient weighed 280 pounds and had a vaginal hysterectomy together 
with Ristine-Nobel repair of a previously repaired third-degree tear. 
This patient was ambulatorj’^ within twenty-four hours and had a 100 
per cent functional and cosmetic result. 

Criticism may be made regarding the early ambulation of our patients. 
Tliis practice was stimixlated by our previous incidence of thrombo- 
phlebitis and pulmonary embolism. Several European authors have 
described the successful employment of early ambulation, and more 
recentlj' Oehsner and DeBakey have recommended its use in the preven- 
tion of these complications. While our series is yet small, we have 
confidence that we will be successfully rewarded in our efforts to prevent 
these two major postoperative complications. In addition, we have ob- 
served a much more rapid convalescence, absence of postoperative weak- 
ness, quicker return of bowel and bladder function, and lessened 
morbidity in general. Without the assurance of nonabsorbable sutures 
we would be reluctant to allow patients out of bed so quickly. 

It has been our praeticc to leave in situ all sutures used in plastie 
work in order to determine the fate of these sutures. We have observed 
them in the follow-up clinic over a period of six months ; the knots re- 
main visible and there is no reaction at the site of the sutures. Some 
of these sutures are undoubtedly shed, but tlie patients are unaware of 
tlicir presence or passage. 


SUJIMARY 

1. We have presented data from 160 successive gynecologic opera- 
tions, wherein cotton suture material has been employed exclusively. 

2. Besults obtained have more than justified the use of this material 
as indicated by wound healing, cosmetic rc.sults, and postoperative com- 
fort, all largely explained by lack of tissue reaction. 

3. We have not felt handicapped by working witli cotton as shown by 
the high ineidence of complete liy,sterectomy (94 per cent) as opposed 
to supracervical hysterectomy (6 per cent), 

4. A\ 0 recommend the wider use of cotton suture inaterial in gvnccol- 
ogy. following the tenets of Ilnlsted, and .suggest early ambulation of 
postoperative patients in the absence of any distinct contniindication. 



112 


SURGKBY 


cotton will survive as a suture of choice in tliis procedure. In all in- 
stances there has been notable freedom from incisional discomfort, as 
indicated by the fact that all patients are instructed to return to the 
postpart al clinic for examination and insertion of pessary where indi- 
cated as soon as the lochia stops. One of us (C. G. C.) has used cotton 
sutures with excellent results in episiotomies, plasties, Amlvectomy, 
vesicovaginal fistula, and total abdominal and vaginal hysterectomies, in 
his private work. 

Our results in the larger groups of eases ai’e presented in Table 11. 


Table II 
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Number of cases 

69 

6 

22 

36 

2 

3 

3 

6 

Mortalitj' (%) 

2.81 

0 

0 

0 

0 

0 

0 

0 

Morbidity (%) 

24.6 

33.3 

22.7 

27.7 

0 

33.3 

0 

33.3 

Average hospital stay (days) 

9.6 

9 

9.5 

7 

6 

8.3 

7.3 

11-5 

Increased hospital stay (%) 

11.5 

0 

15.4 

0 

0 

0 

0 

0 

Positive serology (%) 

36.2 

20 

13.6 

22.8 

0 

0 

0 

16.6 

Catheterization (%) 

39.1 

0 

54.5 

27.7 

0 

0 

66.6 

50 

Cystitis (%) 

18.8 

16.6 

36.3 

8.5 

0 

33.3 

0 

0 

slight wound infection (%) 

10.1 

0 

0 

5.5 

0 

0 

0 

0 

Stitch abscess (%) 

2.8 

0 

0 

0 

0 

0 

0 

0 

Serious wound infection 

0 

0 

0 

0 

0 

0 

0 

0 

"Cold” {%) 

7.2 

0 

4.5 

0 

0 

0 

0 

0 

Pneumonia (%) 

0 

0 

4.5 

0 

0 

0 

0 

0 

Infected cuff (%) • 

4.3 

0 

4.5 

0 

0 

0 

0 

0 

Peritonitis (%) 

2.8 

0 

0 

0 

0 

0 

0 

0 

Pulmonary embolus 

0 

0 

0 

0 

0 

0 

0 

0 

Thrombophlebitis 

0 

0 

0 

0 

0 

0 

0 

0 

Hematoma (%) 

1.4 

0 

4.5 

0.7 

0 

0 

0 

0 

Postoperative bleeding (%) 
Fistula 

0 

0 

0 

0 

4.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Follow-up (%) 

98.5 

33.3 

54.5 

55 

2 100 

60.0 

83.3 


The two deatlis in the total hysterectomy series were both due to 
Bacillus welcliii peritonitis, proved at autop.sy. Tiie source of infection 
could not be positively traced. One patient was operated upon for laige 
fibroids and carcinoma in situ of tlic cervix discovered on microscopic 
xaraination ; this patient died six daj-s after operation. Tlie otlier 
M Imdlv infected cervix and extensive pelvic disease; she died 

“"I 

^ 7 ipvertheles.s, it is felt that the cervix was the source of 

pendee om , . and anerohic culture studies of our suture 

rtenTfa'iW to show ony groyH'. 



INTEATHORACIC ESOPHAGOJEJUNOSTOJ^IY FOR TOTAL 
GASTRECTOMY AYITH LO^YER ESOPHAGECTO]\n" 

FOR CARCINOilA 

Hekbert AYilly jMeyer, M.D., Neav York, N. Y. 

T otal gastrectomy has Imeome a more common proeedure in recent 
years. The morbidity and mortality statistics of this operation are 
also improving steadih'. Therefore, it seems advisable to attempt this 
procedure more often in indicated cases. 

Similarly, operations for carcinoma of the cardiac end of the .stomach 
and lower esophagus are being successfully developed. Larger series 
of intrathoracic esophagogastro-stomics are reported. 

At the recent meeting of the American Association for Thoracic 
Surgery held in Toronto, in June, 1941, several papei’s were read on 
carcinoma of the esophaffus. \Vookcy, of Toronto, presented cases of 
succe.ssful operations for carcinoma of the cervical portion of the 
esophagus. 

lienee, all the portions of the e.sophagus and stomach are now be- 
coming more amenable to radical surgical resection. 

Recently we had occasion to perform a total removal of the stomach 
together with the lower two inches of the esophagus, both of which were 
involved in a linitis plastica type of carcinoma. Recon.struction was ac- 
complished by an intrathoracic esophagojejunostomy. 

The patient survived the operation. Death, five months after the 
operation, was due to general carcinomatosis. Yarious lessons were 
learned from this case and therefore it seems worth while to publLsb 
these exi)criences, hoping it may encourage others to attempt the same 
procedure. Progre.ss will only come in this field if we leani and jirofit 
by the ex]ieriences of othci’s. 

After a careful study of the published literature, it has been found 
that this <'asc is apparently the first one of a sucee.ssful intrathoracie 
e.sophago.jc.iuiiostomy. Cliurehill, of Boston, reported a somewhat similar 
ojieration during the discussion at the Toronto meeting of the American 

ThN «;!•■ pri K utf.l li.-o.r.- th.- J.ilnt infi-tins; of tlic I'lillailt IphH of 

.Siirs<r.\ .mil till Now York SunTlonl Soi-ii-t} on Ft-h lojj jt roi>orti‘<I :u 

lh«’ T<aont<j ia« '‘tint; of tlu* Amt ric.in uitlon for Thoi;\ric . 

for publlntlon. Jan. 1912. 
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the region of the celiac axis. Tlie upper limit of the tumor could not be felt at the 
cardia. Therefore the lateral ligament of the left lobe of the liver was divided 
and tlie lobe displaced toward tlie right exposing the esophageal hiatus of the 
diaphragm. The peritoneum was incised and the esophagus isolated and surrounded 
with a tape. The esophagus was found to be involved in a continuous mass with the 
stomach. The tumor extended up the wall of the esophagus ‘into the posterior 
mediastinum for a distance of about 5 cm. Above thiSj smooth and soft pliable 
csopliageal uall could be palpated but not visualized. Tlie entire tumor mass was 
movable everywhere except possibly in the region of the gastric vessels posteriorly. 



t la 1. — X-ru> laEcn in Mn>, 1930, at which lime carcinoma of tlie stomacli was not 

recoBnIzed 

There wore no palpable nieta«tascs in the pehic '■helf and no palpable liter mclastascs. 
Eeteral hmpli nodes along the greater eiirtatiire were enlarged and several were 
renioted for pathologic e\iiniination. It was realized that radical rcinotal of the 
entire tumor mass was pos..,l,i,. only lit performing a total gastrectomy with n 
comliincd huiaroloiiiy and transthoracic resection of the lower esophagus with splitting 
of the diaplmigiu and then iiitr.ithoriicic e'oplmgojejuiiostomj. This procedure is of 
such Iiiagnilmlc that it did not seem wise to attempt it at tliis time without special 
preparation of the patient and full consent of the family. Therefore nothing 
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Association for Thoracic Surgery. His patient, unfortunately, did not 
survive the operation.* 


CASE REPORT 


L.D., a 52-j'ear-old Swedish woman, was admitted by me to tlie Lenox Hill Hospital 
on Sept. 28, 1940. She had a history of two and one-half ycaws of pain in the 
gastric region. Two years before admission she had gone to a doctor. X-rays were 
taken and reported negotrxe (Sig. 1), bnt it was snggested that they he repeated. 
Powders and diet gave relief. There followed a several months’ period of remission 
of symptoms. The patient did not return to the doctor. Ten months before admis- 
sion the symptoms returned and this time were not relieved by treatment. Hausea 
and vomiting were present. There was marked loss of appetite and loss of forty 
pounds in weight since the onset of the disease. 

The past history and family history were irrelevant. The patient was married 
and had three children. 


Physical Examination . — Head and neck were negative. Heart and lung."! were 
negative. In the abdomen there was some fullness in the epigastrium but no definite 
tumor was palpable. Weight, 130 pounds; pulse, 08; blood pr-essure 108/05. 

Laboratory Hthdiaps.— Gastric analysis following a test meal showed abseitce 
of free hj-drochloric acid and a low total acidity of 10. Lactic acid and blood were 
absent. AVassermann was negative. Blood count, Hb., !)2 per cent; red blood cells, 
4,750,000; white blood colls, 11,000; polymorphonuclear leucoc.vtes, 04 per cent; 
lymphocytes, 33 per cent; monocytes, 1 per cent; eosinophiles, 2 per cent. 

X-ray Examination . — Following a barium meal no obstruction or deformit.v of the 
esophagus was seen at fluoroscopy. A flat, filling defect measuring approximately 
7 cm. in length was seen in the region of the midgreater curvature extending to the 
posterior wall of the stomach. This portion of the stomach seemed markedly stiffened 
and did not transmit peristaltic waves. Slight irregularity of the upper greater curva- 
ture was noted, which may possibly represent further extension toward the fundus. 
The prepyloric region and duodenum appeared normal (Fig. 2). At six hours the 
stomach was empty except for- traces of barium. The deformity in the middle third 
of the stomach had the characteristic roentgen appearance of a malignant neoplasm. 


Permission was given by the patient and the family for an exploratory operation 
and it was understood that a total gastrectomy might be necessary. A transfusion 
of whole blood of 500 c.c. was given two days before the c.xploratory opetation. 


First Operation . — On Oct. 2, 1940, under general anesthesia, a left paramcdial 
incision was made. A tremendous tumor of the stomach was found involving tlio 
middle third and entire fundus of the stomach. The gastrohepatic omentum was 
split and e.xploration showed a firm hard infiltration around the gastric ves.scls in 


•-The oneration performed for a similar lesion was clone April 2, ID II. It wa.s an 
esreinoma of ‘'>n e.sopliapn.s c-xtencllmr 2</j cm. 

extensi'e ■ ' tl>e body of the stomach. The entire pro- 

above tnc oiap » , . approach with resection of the trntii rJb. 

cedure t • with the tips of the pancreas and spleen. 

The esophagus thr. f.imnr. An JntrnthorocJc csopIiai?o- 

and the * ' the edema of the esopiiatrns 

jejunostomy P completely satisfac- 


3 e]uno»tu»*i£ j-ut.. was not compieic.. — 

and the ciutingr oOteroenterostomy was performed Just below the openin;: in 

too' for this where the loop of the jejunum was broiif:ht up. 

the transverse me-ocoi ^^ver the Jejunum and the region of (ho nnns(t 


A leaf of 
nd 


too Lines where the toop ot iiic jejunum was broiif:ni up. A lear 

the transverse me-ocoi cover the Jejunum and the region of (ho nnns(omosis, a 

omentum was 'JP^POximated In two layers xiround It, Airtight firainape w 

the diaphragm was *^*^*^* ,i*,. The patient stood the oinTatlon well hut then ran 


- - *m*irsTyT*DXm>»L vw» »»» >■»»•.» *v, ^>14 !■•>-••• iV/lS 

the diaphragm ^as rjty. The patient stood the oinTatlon well hut then ran a 

Tilaced iuto the -dth high fever and died on the ninth postoperative day. A 

of continued sepsK z^htfifned but limited to the reirJon of the operation. 


olaced mto me high fever ana *neu on the ninth posioperanve 

course of continued scpsi. obtained but limited to the re^,don of tlie or 

nost-mortem exammanon > . j^long the suture line of the anastomosis with resulting 

a'V.pre was evidence of a V^rth^oe‘»s under the diaphragm extending from the surgical 

Isr;, S s. s;:: 

ssSil .-ffifv Wk 
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the region of the celiac axis. The upper limit of the tumor could not be felt at the 
cardia. Therefore the lateral ligament of the left lobe of the liver was divided 
and the lobe displaced touard the right exposing the esophageal hiatus of the 
diaphragm. The peritoneum was incised and the esophagus isolated and surrounded 
with a tape. The esophagus was found to be imolved in a continuous mass tvith the 
stomach. The tumor extended up the wall of the esophagus ‘into the posterior 
mediastinum for a distance of about 5 cm. Above this, smooth and soft pliable 
esophageal wall could be palpated but not visualized. The entire tumor mass was 
moiable everywhere except possibly in the region of the gastric vessels posteriorly. 



'■ 4 



1 — X-ra> tal.cn In Mas. 1939. at which time carcinoma of the stomach was not 

recoKnlzeii 

There were no palpable mctavtaso'. in the pelvic '•helf and no palpable liter mctnstnses. 
Peteral lyinpli nodes along tlie greater eurinturc were enlarged and seicral wore 
removed for pithulogu- examination. It wns realized that radical removal of the 
entire tunwir mas- was possiliie onlv \n perforniiiig a total gastrectomy with a 
coiiihined laparotomv and transthoracic resection of tlio lower esophagus with* splitting 
of tlu' diaphragm and tlien intnitlioriicic csopliagojejunostomy. Tliis proceilurc is of 
such magnitude tlmt it did not seem wisp to attempt it at tins time vvitiiout special 
preparation of the patient and full consent of the fainilv. Therefore nothing 
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fui tiler "Was done and the abdomen ^^as closed in layeis. Tlie patient made an un- 
eventful recovery. Patliologic examination of the ieino\ed lymph nodes showed only 
hyperplasia. 



T ^ AVith the full knowledge of the extent of the legion an esopliagos 

Jn enm oberrender on tlir «i\tli iio-foiiorntno (bi\, Tlio 

copy P*^'' ^ .•JO cm. from the upper ja\> the e'iopli.-ifrii" nn*- con‘-tii( ted 

finding-, "''ere n ^ ^jij^j^encd but not irregular. 'J’iii'- ocmr-i in n (oncenfrie faibiori 
and tlie mucosa na ^ periesopbageal infiltration witb no signs «bal- 

and gi'cs the imprcssio p„-,terinr nail nbere 

e\cr of neoplasm n I >tn y^o^a na“ most marked. I’atbologie e\amination of fids 
the thickening of csopbagcal mnto«a witli no sign of mnlignancy. X ray 
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examination made at tliifc time sliowed no constriction or deformity of the esopliagus 
except little, if any, dilatation of the esophagus above a slight constriction at the 
lower end (Fig. 3), The patient was discharged from the hospital, K'ov. -i, 19-10, the 
thirty-third postoperative day, for a short period of home convalescence and prepara- 
tion for the second opeiation. Consent for this procedure as outlined above was 
given by the family. IVeight on discharge was 120 ponndS. 

IVhile at home the patient was on a high piotein and caloric diet with accessory 
vitamins, especially cevitamic acid and vitamin B complex. After twelve days she 
was readmitted to the hospital with a gain in weight of two pounds. 



riK " — X-ra> of lovt-r end ot csopliajuis taken after the first operation wl:h Knowl- 
i Ufp of piesonct- itf larelnoma of lower end of csophanus. Xnrrowinfr of lunon of 
t haaiis is show n. 

l*rcoperati\e prei>ar:itinn was as follows: (1) High protein diet; (2) cevitamic 
aciil and \itamin B complex; (.I) ipiily intraxenous infusions of l.oOO c.c. of 5 
per cent glweose iw s-dine solution for three daxs before operation: (1) blood tnins- 
fusum of -Km c.c. of blood two days liefore operation; (’.I) sulfanilamide g'r. 1.1 
exerx four hours for thnsc da.xs Wforc operation; (It) collection of 2,000 c.c. of 
iitnitcd blood the day hefore oiH'ratiiin. 
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Clinical Findings Before Second Operation.-Txvo days before operation the 
blood count was as follows: Hemoglobin, 12 Gm. or S3 per cent; red blood cells, 
, 0,000; white blood cells, 10,800; polymorphonuclear leucocytes, 65 per cent; 
lymphocytes, 30 per cent; monocytes, 2 per cent; eosinophiles, 3 per cent. Ecd 
cell volume, 44 per cent; blood plasma specific gravity, 1.0256; blood plasma protein, 
0.36 per cent; blood plasma chloride, 616 mg./lOO mil. Total base, 150 meq. per 
liter. 


Second Operation (ifov. 22, 1940).— Basal avertin with inhalation anesthesia 
was used. Intravenous infusion was started before operation by placing a cannula 
into the vein of the left arm as all the superficial veins were so small and invisible 
that this was the only feasible method. A Levin tube W'as placed into the stomach 
to keep this empty. 

The seal* of the previous laparotoni}’’ just to the left of the midline excised. 
The abdomen was opened and recent adhesions between the abdominal wall, omentum, 
stomach, and left lobe of the liver were freed. The gastrocolic omentum was divided 
from the pylorus along the greater curvature to the gastrosplenic ligament and along 
the fundus. The gastrohepatic omentum was then divided from the pylorus to the 
region of the gastric artery. The duodenum was divided with the aid of the 
dePetz clamp, the stump buried with silk sutures, and the head of the p.increas 
stitched over the suture line. The stomncli wns then easily collapsed by suction on 
the indwelling Levine tube and the further freeing of the stomach continued. The 
stomach was adherent to the under surface of the diapliragm in the region of the 
esophageal hiatus where the peritoneum had been incised at the time of tlic first opera- 
tion. These adliesions were severed between ligatures with some difficulty. The 
greatest difficulty was to free the stomach posteriorly in the region of the gastric 
artery. This division was finally accomplished, freeing the entire stomach up to 
the esophagus at tlie diaphragm. The esophagus was tlien freed at tlie hiatus as 
far as the finger could reach. A laparotomy pad was wrapped around the stomach 
and tied with tape. Hereupon a loop of jejunum wns taken about eighteen inches 
from the duodenojejunal juncture and brought upwards toward the diaphragm 
antecolically. At the lower end of these two limbs an enteroenterostomy wns per- 
formed. One black silk thread was placed as a marker near the dome of the 
afferent loop and two black silk threads as markers near tlie dome of the efferent 
loop. This entire loop was then temporarily tied to the laparotomy pad surrounding 
the stomach. The abdominal wound was then cIo.=ed using througli-and-through steel 
alloy wire for the peritoneum, rectus muscle, and rectus sheath. Several fine inter- 
rupted chromic sutures were placed between these steel alloy wire.s for exact ap- 
proximation. Tile skin was closed with interrupted silk sutures and the wound 
dressed with gauze and adhesive. 


Citrated blood was started at thi.s time fliroligJi the cannula in the hrnchinl vein. 


The patient was then placed on her right side. An intcreost.al inci.sion was made 
along the seventh interspace, a small section of the .sevcntli, sixth, and fifth ribs 
being resected near the vertebral column. The intercostal tissuc.s were ligated and 
divided and the pleural cavity entered along the seventh intercostal space and the 
inlisiTO lengthened upward posteriorly. The rib spreader wiis inserted. Adhesions 
h t ■ en the lung, parietal pleura, and upper surface of the diaphragm were trans- 
•11 mlnated and then divided, freeing the lung, the upper surface of the diaplirngm, 

' a tl mediastinum. The pleura over the mediastinum was inci.“ed exposing the 
''"^1 all' the way down to the dmphrngm.atic hi.-itiis. The upper end of the 
esophagus . pm. above the diaphragm. The phrenic nerve was crushed, 

tumor was C 'pjm hitter was then incited from the central tendon 

paralyzing f ,]raw up the .■‘tomach, with jejunnl loop attached, 

to the hiatus, ma '1 . disappointing to note that the mesentery 

into the thoracic cantv. It"- 
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of the jejunal loop was not long enongli to bring this up into the chest as easily as 
had been anticipated. The Levin tube was then withdra-ivn out of the stomach 
into tile esophagus just above the level of the tumor. Continuous suction was 
applied to the tube to keep the esophagus empty. The entire mediastinum and lower 
chest cavity was protected with gauze pads moistened in one-half per cent 
lysol solution in order to trj- to prevent gross soiling of these areas. The efferent 
loop, marked with two black silk threads, was then sutured to the posterior surface 
of the e.sophagus at a point above the upper limit of the tumor. There was a good 
deal of tension and in order to relieve this the jejunum was temporarily sutured to 
tlie cut edge of the diaphragm. After the esophagus had been fastened thus to the 
jejunum posteriorly the esophagus was divided above the tumor and the specimen 
composed of the entire stomach and lower 5 cm. of the esophagus was removed in one 
piece (Fig. 4A and B). Hereupon an incision was made into the jejunum just distal 


( 
i 

Fijr. 4A — rhotogr.aph ot specimen of stomach including the lower 3 cm. of the 

esophagus. 

to the dome of the jejunal loop. The T.,evin tube uhich liad been drawn into the 
esophagus was then pushcil down again and into the cITcrent loop of the jejunum 
for ns long a distance as pos.sible. There was some difficulty in doing this and it 
could not be pushed down as far as had been hoped. Esophagojejunostomy was then 
completed. It was neec'sary to place interrupted mattress silk sutures to success- 
fully close the anterior suture line because straight sutures easily cut through tlic 
friable esophagus due to the unfortunate tension. After the anterior suture was 
placed, the afferent loop of the jejunum was brought over across the suture line 
in a manner similar to the teehniiiue proposed by Roscoc Graliam in tlie intra- 
alidomiual esophagojejunostomy in total gastrectomy. It was not jiossiblc to do 
(his in an ideal manner hut u coiering had to lie improvised and the parietal 
mediastinal pleura was abo used to rover and reinforee the anastomosis. Tlie jejunum 
which had temporarily liecn sutured to the out surface of the diaphragm to relieve 
tension during the performanre of the anastomosis was then separated and re- 
sutured in the jiroper position elose to the Csojihageal hiatus in the diaphragm. The 
diaidiragai was then sutured from the rentral tendon toward tlie jejunum nf the 
hiatus. The esuphngojejimostomy then looked quite satisfactory allhoiigh there 
was deiinitely mote tension tlmn had been anticip.ated. Intercostal airtight drainage 
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was instituted two interspaces below the incision and tlie drainage tube placed fairly 
close to the region of tiie anastomosis. Tlie ciicst was closed in tlie usual manner 
using chromic catgut around tlie ribs, continuous fine chromic catgut for the inter- 
costal muscles and for the muscles, giving airtight closuie. The lung was expanded 
during this procedure. The skin was closed with interrupted silk sutures and com- 
pression dressing applied. 



JR Photograph of specimen opened sliowing the thickened wails of the csopha- 

■ pus and stomach containing the carcinoma. 


The patient’s general condition was satisfactoiy at the end of the operation. 
The pulse was of fair quality, the rate 120, and the blood picssiiro satisfactory.* 
Postoperative Coutsc.— The patient uas placed immediately into an oxygen tent 
and the blood transfu.don continued through the cannula. Following the trnn.sfusion 
ner cent glucose in .‘■aline solution has substituted alternating each 1,000 cc. 
hctwecn saline solution and distilled «alcr. Tlie patient «as stimulated alternately 
vrith metrazol and cafTeine sodium ben/oate. During the first day there u as -100 c.c. 

f 1 .rnl dninage. On the second day -iOO c.c. of eitrated blood a as given through 
1 Inous cTnnula. Some aater aas alloaed to flow by grarity through the 
die t,,i, „.orkcd aell. On the third day 10 per cent glucose rn 

mdwel mg through the Down tube at the rate of Vjr, c.c per 

saline solution a . „„,i,jnucd. Blood hematocrit on this day nas normal, ns 

hour. The m usio ‘ ^ protein. The infusion nas discontinued, therefore, 

were the chlorides ,],rec <i„ys. Albumin aatcr was added through 

after having run con fourth dav ice pill' "ere alhmcd by mouth. One third 

the Levin tube am on jj jg „gi,] pas gi^en through the lube. On the fifth 

lime water wjtn ccwi 

‘ , c MaPr for Ills assistance during tills operation, 

indebted to Dr. Herbert C. 
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day one-lialf ounce of water wa? given every liour by moutli. On the following day 
tliere was intestinal content drainage around the pleural drainage tube with pro- 
fuse drainage through the tube itself. Slethylene blue and milk swallowed by 
mouth did not appear through the drainage tube at tliis time. ATith this leakage 
of inte.stinal content fluid balance was maintained easily through the Levin tube. 
Temperature varied between 99.6° and 101.6° F. since the operation. There was no 
evidence of spreading mediastinitis. Bedside x-ray examination showed the lung 
well expanded. On the tenth day both wounds were dressed. They were clean and 
healed by primary union and all sutures were removed. The pleural drainage tube 
was changed and a transfusion of 500 c.c. of whole tlood given. On the nineteenth 
day x-ray examination with barium swallowed showed that most of it ran into the 
jejunum. On the twenty-first day the intestinal fistula was closed and all feedings 
were given by mouth. On the twenty -second day the chest drainage tube was shortened 
and on the ttventy-fourth day the Levin tube was withdrawn easih' and the patient 



fig. r>. — Eow-powcr microniiotograptr sliowing Involvement of submucosa of csopbagus 

by c.arcinonia. 


tillowod out of bed. The fistula liad lasted nineteen days. On the tliirty-socond day 
tlie ehest tube nas witlnlniwn and two days later the patient was reeeiving 2,100 
enlories per day by mouth with additional vitamins in liver extraet. The patient's 
weight had ilropped to a low of 102 pounds (Fig. 6.1 and II). 


Pn'.loiHrnivi CUtiiriil J'liiilini/.i. — Blood cxaiiiinationv .six weeks after operation. 
On .Tan. 1, I'.'ll, the liemogloliin was 9.(! Gm. or 60 per i cnt ; red blood eells, 2.000,000; 
white l)!ood eells, 10.700 ; polyinorplionueloars, 70 per eent (28): lymphoeytes, 20 
per eent; monoejtes, 1 por eent. Blood urea nitrogen, 7.2 mg. Jier 100 c.c.; creatinine, 
O..I mg.; urie aiid. 2.1 mg.; sugar, 7t> mg.; CO, eombining jionor. .>1.9 per eent. 
Bematoent, OS; j.lasma speeifie gravity. 1.0241; plasma protein, 5.51 ; plasma albumin^ 
0..14 ; |il:i.saia ghdiulm, 2.'20; plasma eUlorides, .'i49; seniiu diastase. 76. One niontli 
later, Feb. 7. 1941, the values of bhuid examinations were; 12.2 Om. hemoi'lohin- 
red blm.d eell-. 4.050.000: white blood cells, p,go,); p,.)y,„orphonueIear huro<>vto^', 
,2 per e.u.t ^24,; lymplmej tes, 24 per cent; monocytes, 2 per cent; eo.sinophiles,’ 
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2 per cent. Hematocrit, 45; blood plasma, specific gravity 1.0247; plasma protein, 
6.05; plasmn ,CO, combining power, 6S.3; plasma chloride-s, 546; total base, 145.0, 
and serum diastase, 41. Stool examination, Jan. 4, 1941, revealed many yeast cells, 
some digested and undigested muscle fibeis, some vegetable remains, occasional 
uliite blood cells, occasional fat globules, and bacteria. 

Pathologic Examination . — The specimen received fresh was a stomacli complete 
with 5 cm. of the esophagus attached. The stomach measured 17 cm. in length, 7 
cm. in width, and 3.5 cm. in thickness. The serosal surface was tan-pink, smooth and 
glistening throughout. The wall over the entire stomach including the first 2 to 3 
cm. of the esophagus was markedly thickened and firm. This thickened, firm area 
ended about 4 cm. from the duodenum. The rugae were markedly elevated. The 
mucosal surface was mottled, tan-pink to purple in color. On section, the nail 
throughout the thickened area was gray-pink, firm, smooth, and glistening. 



Microscopic examination of sections taken thrmigli the thickened area reiealed a 
or arising in the mucosa of the stoinaeh. It replaced the iniirnsa in a .small area, 
filtrated the wall of the .stomach throughout. The tumor cells acre .small or 
““ n scanty cytoplasm and ftiirly large, veshmlar or h.timehromatir 

medium ^ inconspicuous. These cells formed no regular .struc- 

nuclei. often .singl.'’ or in groujis, though occasionall.t they formed small 

tures, being seen infiltrated between the imisidc tiber.s. They were siijiportcd 

nests and oords w ii i abundant connectiie tissue stroma which was rjuite 

and “ocompanicf i.t a round cells. The growth inwidcd nil the 

cellular and markedly infiltr.iteu 
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layers of tlie stomach wall and extended beneath the intact mucosa into the 
esophagus to within 5 mm. from the edge of the specimen (Fig. 5). The pyloric end 
of the stomach was free of tumor tissue. The diagnosis was carcinoma of the 
stomach (linitis plastica). 

Final Postoperative Course . — The remainder of the patient’s course was a gradual 
decline. The esophagojejunostomy anastomosis was easily dilated several times 
with an olive bougie. Swallowing was satisfactory for the remainder of the patient’s 
life (Fig. 7). The appetite steadily declined and carcinoma cachexia set in. 
Shortly before the death of the patient a jejunostomy was performed (March 30, 



i 


" — X-rii> sho^\inp fiinctionlnir of anastomosis four monliis after operation. 
Note level of illnphraRin and loop of jejunum above level of illaphraam vvitliin thoracic 
cavity, l.oop is somewhat illlated to take the pl.ace of the stomach. Wire staples In 
the duodi nal stump and steel alloy wires In the abdominal wall are also to be seen. 

It'll) for feeding purposes. At the time of this operation it was seen that the 
patient liad a genenilirtsl eareinomatosis involving the liver, ptirietal and viseeral 
peritoneum, inte~tinal nie«entery and nmentum. X-ray examination of the che.st 
sliovved evidence of pulmonary metasta-es. The patient died on April li, 1041 
approMiiiatelv five months after the major oiH'nitivo proeolure, Unfortunatelv 
an autopsy could not he obtained. 
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COSmENT 


Total gastrectomy with removal of the lower esophagus and an intra- 
thoracic esophagojejunostoniy is feasible. Tin's, I think, is best per- 
formed by means of a laparotomy and immediately foUomng thoraeot- 
omj^ Experience in tliis case shows that it is better to bring the loop 
of the jejunum up into the thorax retroeolically instead of anteeolieally. 
Examination on cadavers at the autopsy table since this experience, 
has shown that the entire root of the mesentery slides upward tlirongh 
the retrocolic opening in the transverse mesocolon for a small distance 
and therefore allows the jejunum to be brought up higher into the chest 
with resulting lessened tension on the suture line at the site of the 
anastomosis. The enteroenterostom 3 '^ which is, of course, essential should 
lie then just below the opening in the transverse mesocolon. 

If difificult.y is found in freeing the stomach in the region of the 
spleen Lahey has recently advised the removal of the spleen together with 
the stomach rather than spending time in trying to separate the stomach 
from the spleen. 


A jejunostomy performed at the same time as the laparotomy (Clute 
and Bell) is definitely better than the indwelling Levin tube passing 
through the site of anastomosis. This tube at the site of the anastomosis 
probably tends more to the development of a fistula with leakage. In a 
recent successful total gastrectomy, we have employed a jejunostomy 
for feeding purposes with great satisfaction. It adds very little time to 
the procedure, being accomplished in a few minutes. It has Ireen a 
question in mj^ mind whether the intestinal fistula in this ease originated 
from an area of necrosis or damage to the intestinal wall at the point 
where the jejunum had been sutured temporarily to the edge of the 
diaphragm. On the other hand, it is more likcl.v that it came from 
the site of the esophagojejunostonn" anastomosis. However, it was note- 
worthy that methjdene blue solution and milk did not immcdiatel.v ap- 
pear from the fistula opening but the drainage was mostl.v inle.sfinal 
in character. At an.v rate the fistula lasted nineteen da.vs and then 
closed spontaneously. 

The preoperative preparation of thc.se patients is of vital importance 
in all cases of major, upper abdominal surgery. High protein diet and 
hin-h vitamin intake are essential. Vitamins A and D are important for 
hcalin" of epithelial structures. Vitamin B complex is important for ll.e 
uroner" functioning of the ga.stroinfestinal tract and vitamin C is im- 
portant for tlie intercellular cement and the prevention of edema at the 

■site of the anastomosis. 

i- for iciunostomy feedings as .suggested by Clute and Bell 

The „„.c heen ..sins il «. .vivenlese. 71 i» ne 

isveryvaluai • well-beaten; lialiver oil 

peptonized skimmed ^ 
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and viosterol, 3 minims ; syrup of Autamin B complex, 15 c.c. ; cevitamic 
acid, 300 mg. ; thiamine chloride, 6 mg. 

Blood tramsfrision before operation and the use of citi-ated blood or 
blood plasma during the operation are most valuable adjuvants. 

Sulfanilamide or sulfadiazene before operation helps to prevent in- 
fection beloAv the diaphragm and Avithin the pleural caAutj* and medias- 
tinum. Recently, in a case of total gastrectomy I used 4 Gm. of sulfanil- 
amide poAvder under the diaphragm at the site of the anastomosis. In 
the future I Avill use sulfanilamide poAvder in the posterior mediastinum 
and pleural caAuty in place of the lysol A\dpes employed in this ease. 

An oxygen tent postoperatively is a great help for the patient. It 
maintains a high oxygen concentration and keeps the patient in a 
stead.v cool temperature AA’hich relieves breathing a great deal. 


SUMAIARY 

1. A successful case of total resection of the stomach AAuth the loAver 
5 cm. of the esophagus is reported. It Avas folloAA'ed by an intrathoraeic 
esophagojejxAnostomy. 

2. Preoperative preparation, operatiA’c technique, and postoperative 
care are discussed. These factors are most impoidant for success in such 
major procedures. 

3. It is hoped that the report of this case, though fatal five months 
after the operation due to generalized eai’cinomatosis, may encourage 
other surgeons to attempt similar operations. The experience of others 
AA'ill help to improve the technical procedure. Only by experience, and 
its report in literature, can better rc-sults be obtained. 
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AN OPEEATION FOR INGUINAL HERNIA BASED UPON THE 
UTILIZATION OP COOPER’S LIGAMENT^ 


Harold Neuhof, j\I.D., New York, N. Y. 


' r’HE mimevous modifications of the classic Bassihi operation for 
i- inguinal hernia impl}’^ clearly that the original operation has not 
proved entirelj^ satisfactory. The sole justification for an addition to 
the long list lies in the belief that the proposed operation offers dii'cet 
support, as well as some measure of reduction, of the undefended space. 
The Bassini operation and its variations all lay down a shelf which is 
intended to resist permanently a hernial protrusion. Whether the con- 
joined tendon or rectus sheath or aponeurosis of the external oblique 
are joined to the reflected surface of Poupart s ligament, with or with- 
out re-enforcement by other tissues (fascial sheets or sutures), the ob- 
jective remains a protective shelf and not a direct .support of the un- 
defended space. Tlic latter maj’^ be partially reduced by closure of the 
gap in the transversalis fascia. Essentially, however, complete reliance 
against the recurrence of a hernial protrusion is placed on tl)c barrier 
of a shelf which is not directly applied to the undefended space. Tlie 
following operative procedure offers direct support to the mesial portion 
of the undefended space in the form of a slinglilce buttress, and also 
reduces to some degree tlie size of that space. Cooper’s ligament is 
utilized for the purpose, Poupart ’s ligament being relied upon for sup- 
port in the conventional manner. 


Technique: The cutaneous incision is placed somewhat nearer the 
inminal fold than usual and the external oblique is .split lower than 
usual in order to fashion a generous flap of the aponeurosis. A broader 
flap of external oblique than usual is required, for its approximation to 
the deeply situated Cooper’s ligament is the c.ssontial jiarl of the opera- 
tion After the isolation of tlie structures of the inguinal canal and the 
customary ablation of the .sac (in the ea.se of indirect inguinal hernia), 
the direct bulge or hernia is depressed witli a suitaiile instrument. If 
there is serviceable transversalis fa.scia for tlie purpose, a imr.se-sfring 
suture is passed and tied for the inversion of tlie direct hernia. The 
r ] sfoi) is the utilization of Cooper’s ligament. The latter is ex- 
essen la ^ pubis by following the reflected (<Ieej») 

pose c ose urranient into the pelvis. A liiin but definite fibrous 

surface of Poupari s ut. 
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membrane medial to the iliac vein and apparently continnons with 
Poupart ’s ligament is traversed, the blunt dissector used for the purpose 
following the curve of the pelvis. The glistening free surface of Cooper’s 
ligament, closely applied to the pubic ramus, is visualized by the place- 
ment of a narrow (one-quarter inch) malleable (ribbon) retractor. The ex- 
ternal iliac vein is sufficiently isolated for its gentle lateral retraction with 
a second ribbon i-etractor, and Cooper’s ligament is thereiiy fully exposed. 



I' IK 1 — ?ho\NinK Hint Ihi? IriKiilnnl incKion Is tJj/vrj umi't) In tlif inscit jiif* 

jnOlcttcO (.1) tlu‘ stunip of nn nW*ito»l Indirect « ic. and (/;j the prolru'^lon of n direct 
hMnh\. If operation for Rntortl hiTnia In performed throup)i an Incidnal Incision, tlie 
sUuitlon of Iht. vutinp of an ablntml r* moral vc In Indlcalctl tC). 

Two (or ihree) sutures, clos'cly hugging the periosteum, are now passed 
tlirough Cooper's ligament. I have found that the use of the Peverdin 
needle faeilitate.s tlie passage of these deep sutures. In any event, atten- 
tion should be called to the fact that the sutures are not correctly placed 
unless they are closely applied to the bone. After the ])assage of the 
sutures, wbleb may be attended with some diflieiiby because of dejith, 
the two ribbon retractors are removed. Tlie mobilized ajmnenrosis of 
the external oblique is now drawn dounward with two foreejis and Uie 
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two (or three) sutures are passed through it at appropriate sites. Tlie 
approximation should be tested before the sutures are tied. When tied, 
the external oblique should be drawn without undue tension downward 
and into the pelvis in the form of a sling. TJiis curved support extending 
into the pelvis snugly supports and reduces appreciably the undefended 
space medial to the iliac vessels. If the sutures have been placed cor- 
rectly, a pronounced ci\rvature of the external oblique aponeurosis 
should be evident, and no dead space should remain. Poupart ’s ligament 
is now utilized. Its reflected surface lateral to the sling is approximated 



, ■> me passed between the aponturosis of the e\ternal obllnue arid 

X ig. - O ' - Some of the flber'i of Glmbernnt's IlKiimcnt nin> be Included ulth 

coopers Uga I \esscls are not Kolatcd ns shown In the diawing 


0 the external oblique in the customary manner. The medial iiorlion 
,f the reflected surface is then approximated by a few sutures to tiic 
urfacc of the external oblique over the sling in order to provide addi- 
iomal support. Silk technique is advocated. 

The foregoing operative procedure has been employed for ai.out three 
first applied only to .selected ca.scs of direct inguinal hernia, 
•cars. - - direct hernias as well as for indirect hernias in 

t is nov uti izec exists. There appears to he no reason to omit 

vhich a duce eo j-equiremont is a direct .siiiijiort of fiie iiii siai 

he procedure v ncn 
portion of the undefended space. 
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There have been no accidents referable to the operative procedure and 
none need be anticipated vith careful technique. All stnictures in the 
field should be clearly visualized with special reference to the iliac vein. 
The sole danger of operation is damage to the vein, an accident which 
is obviated by gentle lateral retraction of that structure. 



Fig. 3.— The sutures through Cooper’s ligament have been tied and the reflected 
surface of Poupart's ligament is approximated to the adjacent aponeurosis of the ex- 
ternal oblique. The .structures of the cord can be displaced laterally to a greater 
extent than illustrated in the drawing. 



Fig. 1. — Vortical sections to Illustrate the difference in effect between the Bassint 
typo of operation and that described In the text, I^'ft: The external oblique Is at- 
t.ached to the reflected surface of Poupart’s ligament and the undefended space is not 
directly supporteil. Itight: The cxtem.al oblique is attached to Cooper's llgarncnt, 
I’oupart's Hganunl not being utilizod In the fir.**! layer. The undefended space Is 
directly buttressed. 


As (‘Otni)arod with llie usual opci-ativo exposure for hcrnioplasty, the 
field will ai)pear surprisiimly deep the fii'st few times the described 
operation is ])erformed. As a inatter of fact, the depth always is great 
when the operation is ])erfonncd for direct hernia in a stout individual. 
An unusually dee]> situation of Cooper's ligament eomi>rise.s the only 
(liflleulty in the operation. As has already been stated, the i)assagc of 
the suture tlirougii f'oojx-r's ligament i.s facilitated hy the use of the 
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Reverdin needle. Ordinary needles of small size can, however, be em- 
ployed satisfactorily if their passage is not hurried. It is sometimes 
more convenient to pass the sutures through Cooper’s ligament from 
the opposite side of the wound (side of the first assistant). If the 
sutures have been correetlj^ placed, the aponeurosis of the external 
oblique can be approximated to Cooper’s ligament without undue tension. 
After the sutures are tied, the result must be a firm, incurved, slinglike 
buttress and not a shelf. Of course, the utilization of the reflected 
(deep) surface of Poupart’s ligament as an overlap offers additional firm 
support but this should be regarded as rather incidental insofar as the 
mesial portion of the wound is concerned. The utilization of Poupart’s 
ligament as the essential structure for support begins immediately 
lateral to the sutures passed through Cooper’s ligament. 

The fact that uniformly good results in eases of direct and direct- 
indirect hernia have followed the described operation has little signif- 
icance because the number of eases is too small and the time elapsed since 
the operation has been practiced is too short. The procedure is advocated 
at this time because it appears to offer a more definitive assurance of 
cure of direct and direct-indirect hernia than is afforded by the conven- 
tional procedures. 


A RECONSTRUCTION OPERATION FOR LARGE JIIDLINE 
INCISIONAL HERNIA 


Leslie Y. Rush, JLD., and H. Lowry Rush, II.D., :\Ieridian, Hiss. 

(From Fush’s Infirmary) 

T here are several satisfactory methods for the repair of midline 
incisional hernia. It is for the extremely large, neglected hernia 
with ivide separation of the anterior abdominal ^Yall that we wish to 
describe this technique. 

The Dcformiiy. — (Fig. 1.) The hei'iiial sac. by its nuishrooin shape, 
frequently gives the impression of a much larger opening than is 
actually found at operation. Since most pelvic operations are carried 
out through a right paramedian incision, the left rectus muscle is usu- 
ally found to be completely inclosed in a normal sheath. The right 
rectus muscle frequently gives a similar impression, but actually the 
fascia of the anterior sheath is apt to be found retracted some distance 
from the hernial margin. The peritoneum, in providing the lining for 
the hernial cavity, is firmly adherent to the medial border of the mus- 
cle and the fascia of the anterior sheath by rather dense sear tissue 
simulating, in many instances, true fascia. Except, then, for the fact 
that there is an actual break in the continuity of the muscular and 
fascial structures of the abdominal wall in the midline, and that a 
hernial sac is present, we have a mechanical problem here differing not 
greatly from that of diastasis recti in this portion of the abdominal 
wall. 

The method of reconstruction, here described, is an adaptation of 
that originally used and later described by us' for the repair of diastasis 
of the rectus muscles. This principle has been used in a fairly large 
series of cases over the past several years with almost uniformly good 
results. Beef fascia, it will be noted, is used for the muscular siqiport 
instead of fascia lata. Clinically, beef fascia has been found to be per- 
fectly satisfactory for this purpo.se, and it has been used by us over a 
period of fifteen years. 


Tr.rnNiQui; or orr.u.moN 


The Dissrclioii. — (Figs. 2 and '.I.) A large midline incision is made 
and the hernial sac is freely exposed. The sac is opene<i in its mid- 
portion. The lateral walls are <lissceted free from the overlying skin 
and fat. The di.sseetion is carried laterally thoroughly to eximse tiie 

for jHibllc'itlon, Z\, KMl. 
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Pig. 1. — Cross section through hernia. Note the separation of the rectus muscles. The 
circular muscles are shortened. 






Thr 
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ventral surface of the anterior sheath on the right side, earring the 
dissection to a point just beyond the lateral border of the sheath. This 
procedure is repeated on the left side. The excess sac is cut array 
leaving a border of about three-fourths inch around the margin of the 



Fig 3 — Cross section tlirousl' Pernla The dissection has been completed on the left 
side The right side has not been attacked 



riK 1 — The poni rior she ith 1, 
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hernial opening. The anterior sheath of the rectus is not opened on 
either side as in most operations for ventral hernia. Bather, the pos- 
terior sheath is incised with the scalpel about one-half inch lateral to 
the hernial margin. The purpose of this posterior incision is to facil- 
itate later closure as experience has taught that the posterior sheath 
can be approximated with much greater ease than the anterior sheath, 
and it is important in the dissection to save all the anterior sheath 
possible for later overlapi^ing. This portion of the dissection can be 
more accurately accomplished if a grooved director is used. 



5, The anterior sheath of the rectus muscle is overlapped. 

The rectu.s muscle on cither side is gently dissected free of its bed, 
both anteriorly and po.steriorly, care l)eing taken to preserve its nerve 
and blood supplies. 

Ucconsiruction of the ^V(lU.— The peritoneum and ns mneh of the 
attached fascia of the posterior .sheath as is available are approximated 
^ the midline, overlapping, if im.ssible. using miiUrvss or eonfinnons 
{ \o 0 chromic catgut. After a thorough dissection this layer 

e‘r«r«ril!' , Mi, -..l. v. 

)f the rectus muscles is then fh*all with, the muscles 
The diastasis o „iidlino ami held in this pt>siti()n by two or 

being approximated at 
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three loops of beef fascia which completely surround both muscles, but 
without tension (Fig. 4). 

The ends of these fascia loops are overlapped and fixed by inter- 
rupted sutures of No. 0 chromic catgut. The margins of the rectus 
muscles are then approximated ivith interrupted sutures of No. 0 
chromic catgut. The loops of beef fascia relieve the tension on these 
muscles which, of course, are extremely friable and prevent these stitches 
from cutting loose. 

The anterior sheath of the rectus mu.scle is then overlapped, using 
mattress sutures of No. 1 chromic catgut (Fig. 5). 

To summarize, we now have (Fig. 6) the peritoneum and the pos- 
terior sheath reapproximated. The two rectus muscles are approxi- 
mated to each other in the midline by interrupted sutures of No. 0 
chromic catgut reinforced to prevent lateral separation by loops of 
beef fascia. The anterior sheath of each rectus muscle is approximated 
to its fellow of the opposite side and overlapped in the midline. 



Kijj C — Cro‘?s cHon llirouph reconstructed Mall at the le\cl of a beef fascia loop 
Note posterior sheath approxlniat* <1. rectus muscle approximated and surrounded by 
loop of bet f fnsrln, and anterior fascia o^erlapped in the midline 

P)Ut, as fre(iueiitly hapiiens. regardless of how ])arsimonious the sur- 
geon has been in his dissection, the fascia of the anterior sheatli cannot 
be made to ajjpi-oMinate completely in the midline (Fig. 7A). In this 
event, a portion of the approximated rectus nuisele does not have an 
anterior faseial eovering. Beef faseia is then sutured in a zigzag 
fashion baek and forth in a haskel arrangement to reinforee the faseial 
element of the abdominal wall at this point. The beef fascia is fixed to 
the anterior sheath hy interrupted sutures of No. 0 ehromic catgut. 

Skill ('lo\i(rr . — (Pi". 771.) The excess skin and fat are removed, and 
the wound is closed in the midline in the usual fashion. It must he 
home ill mind, however, that a large area has been undermined he- 
neath the subcutaneous fat. and in spite of hemostasis some pnstopera- 
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tive oozing is to be expected. This will prove extremely troublesome 
in the healing of the wound unless adequate drainage is provided. 
Various methods of di'ainage have been tried by us, and it has been 
found that the most satisfactory results have followed the use of two 
transversely placed latex drains. One is introduced through a stab 
wound situated at the right of the superior angle of the wound and 
the other to the left of the inferior angle of the wound. The tubes are 
gradually Avithdrawn, a small amount each day, until the serous drain- 
age has ceased. A snug abdominal binder is applied and Avorn during 
the hospital stay. 



Postopcratively, an abdominal belt should be Avorn from .six to eight 
Aveeks. Beyond this period very little is to be gained from its use and 
it is felt that active exercise to the muscles should be encouraged. 


RErEREN'CE 

■D 1 T^<!lie V and Hush, II. Hown-: A Recon.struction Operation for Diastasis 
Been; SunGEuy 3= 200-202, 193S. 



SmPLIFIED JIETHOD FOE FOKJIATION OF AN AKTIFICIAL 
VAGINA BY SPLIT SKIN GRAFT 

Report of a Case 

Neal Owexs, M.D., F.A.C.S., New Orleans, La. 

(From The Division of Plastic Surgery, Department of Surgery, School of Medicine, 

Tiilane University) 

C ONGENITAL absence of the vagina is associated usually with a 
nonfunctional uterus. For this reason, symptoms of retained secre- 
tion, often observed in acquired vaginal atresia, are seldom seen in these 
cases. A person with complete absence of the vagina, who has only 
rudimentaiy internal organs, may be otlierwise fully developed, with 
manifestations of secondary sex characteristics and normal external 
genitals. These women may have normal sexual instmcts, and in many 
instances are quite attractive. To deny these unfortunate individuals 
the opportunit>' for the pursuit of normal activities because of the ab- 
sence of an organ the construction of which would be a comparatively 
simple .surgical procedure, is to subject them unnecessarily to an ab- 
normal social life. Certainly, with the procedure now improved and 
simplified, and with its a.ssociatcd low mortality, there is every justifica- 
tion for surgical construction of a vagina in those cases of congenital 
absence which arc otherwise nomial. 

It is commonly believed that congenital absence of the vagina is 
rare, but this anomaly is probably more common than general observa- 
tion might indicate, bccau.se some women with this condition never 
present themselves for treatment and many others are probably unrec- 
ognized. Flynn and Duckett^ c.stimated that fully 500 cases of surgical 
correction for this abnoi-mality have been reported in the literature. 
Engstad," who has operated on nine sueli patient.s, estimates from his 
own experience that this congenital deformity occurs once in every 
five thousand eases. Counsellcr’ reports that the oi)eration was ]ier- 
formed sixteen times at the ^layo Clinic within a period of two yeai’s. 
Vord* has seen three eases within fourteen months. Frank^ reports 
that in twelve yeai's he has .seen more than thirty cases. In eontrast, 
Newell, who is afiiliatcd with an institution which admits thousands of 
women, has had only four patients in twenty-five yeai-s. At Charily 
llos]>ital in New Orleans, over a thirly-four-year period, this condition 
was found only six limes in 502.0S1 female admissions, 123,670 of which 
were obstetric and gynecologic ])atients. 

TV'CfUrtl for puMlc-ntlon, IVb 4. 1542. 

no 
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Tlio variety of i)i’ocedure.s for constructing an artificial vagina appear- 
ing in tlic literature is suggestive of the diversity of opinion which exists 
eoneerning the host operative technique. Koughly, this condition may 
be corrected surgically in one of three ways: by intestinal segment trans- 
plant, either utilizing the small intestine (Baldwin') or the rectum 
(Schubert'*) ; by pedicle transjilant (Ileppuer”) ; or by free skin graft 
_ (Abbe’'*). Beecntly, Pi-ank'’ advocated a means of forming an artificial 
vagina without oiieration. This be docs by gradually forcing inward 
the mucous membrane in the introital region without an incision. He 
has treated six ])aticnts in this way with one failure. However, one 
must (piestion whether these i-esults were obtained in cases where there 
was not a comidete absence of the vagina but where there was a small 
rudimentary canal. 

According to Dannreuther.” Paunz,’- and others, Dupuytren at- 
tempted to establish a vaginal canal as early as 1S17, by making an 
opening between the bladder and rectum into which a tampon was in- 
serted, Since then various attempts have been made to improve the 
teehnique of construction, although the fundamental principle on which 
the operation is based has not changed. 

In 1S9S, Abbe’" described a technique for construction of a vagina 
utilizing Thiersch grafts from the thigh applied over the surface of a 
rubber form, which in turn was inserted into the rectovesical space, 
which had been previously dissected out. Tlie rubber form is removed 
in about ten days and contracture is prevented subsequently by plug 
bougies. This teehnique gave good results in one case. In a previous 
ease Abbe had used the labia minora, but this was unsuccessful. 

Baldwin' was among the first to suggest intestinal transplantation for 
the formation of a vagina. In 1904, he conceived the idea for this 
operation, but was unable to try it out until 1907. Through an ab- 
dominal incision, a segment of the ileum was severed and carried down 
into the dissected tract prepared for the formation of the new vagina. 
The vagina, thus constructed, seemed normal in every way. Haberlin'® 
improved Baldwin’s technique by implanting a loop of small intestine. 
This method of intestinal transplantation is undesirable, particularly 
because of the high mortality rate. Monod and Iselin” estimate a 21 
per cent mortality following the operation. The intraperitoneal ap- 
proach is probably largely responsible for this. Deatli in these cases 
has' also been attributed to mesenteric thrombosis resulting from undue 

Aiintlier disadvantage which the Baldwin technique incurs is 
tension. AnoTuei ^ n • .:i 

the profuse mucous secretion following the procedure. 

^ A •din'^ to Schubert,^-’ Gersuny, in 1897, was the first to utilize 
• e cut from the rectum to line the vaginal canal. He first 
a mem lan infi sphincter ani with a strip of mucous membrane 

lined the penn ampulla without interrupting its 

cut from rectum near the plica vesicorectalis. This was 

connection ■'Vith 
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sutured on the posterior wall of the bladder as far as tlie orifice of the 
urethra. Gersuny operated on three patients in this manner with sat- 
isfactory results, altliough it was necessary to wear a coirical dilator 
to prevent narrowing. This, of course, is an objectionable feature. 

Sneguireff,’“ in 1904, divided the rectum in the sacral region, the 
lower end formed into a cul-de-sac, the upper end attached by suture 
to the skin, thus forming the artificial anus. The bridge between the 
anus and the vulva was divided and the wound closed so as to form a 
channel leading to the rectal segment. This method has been criticized 
Ijccause it forms a preternatural anus. 

Schuhert,’= in 1914, and Popow,'" in 1918, transplanted the lower 
rectum into the vulva, the upper rectal segment being utilized for re- 
establishing the continuity of the intestinal canal. The chief objection 
to this method is the comparatively high mortality rate (estimated at 
from 6 to 17 per cent). iMonod and Iselin” give a mortality of 8 per 
cent with Schubert’s technique. Death is often the result of peritonitis. 
Other disadvantages of the method are the high incidence of fecal 
fistulas and rectal incontinence developing after this operation. 

Graves,'® in 1917, revised the technique of flap transplant from the 
labia and thighs, which Heppner® did in 1872. A transverse incision 
is made below the urethra and a canal between the bladder and rectum 
is made by blunt dissection. Each labium minus is dissected downward 
so that the entire mucous surface is utilized and the pedicle is large 
enough for good circulation. Two skin flaps are then taken from the 
medial aspect of the thigh and the four flaps are .sutured together over a 
glass form. The form is removed and the mass is invaginated into the 
newly formed canal, where it is held in place by catgut sutures. The 
canal is then i)ackcd with tampons. The most undesirable feature of 
this operation is the fact that if the flaps necrose, there is no moi-c 
tissue for a second attempt. It has, however, the advantage of an cx- 
trapcritoneal approach. 

llecause of the grave risk involved in the Baldwin and Schubert ojiera- 
tions, Frank and (Icisl"' devised a modification of the tube flap tecli- 
ni(iuc described by (tillies.'^" A lube pedicle skin flap is formed in the 
usual way. This is detached at its distal pedicle, split oiicn, and wound 
aro\uid a hard rubber vaginal canal, which has been i)reviously formed 
by blunt dissection. In 1932, they reported four cases in whicli this 
technique was followed, all of which resulted in .succc.ssfully formed 
vaginas. Two outstanding disadvantages of this tcchin(|uc are the pro- 
longed hospitalization (about ten weeks) and the defects over the inner 
asjicct of tile thigli at tlie site where the ju'dicle was formed. Among 
.'idvoeatcs of this method are Douglass,-' Davis and Cron.-- tirad,’’- and 
others. 

In Monod and Isclin," after bluntly dissecting a space to con- 

form to that of a normal vagina! cavity through a transverse incision 


342 


SUKOKUY 


belwooii the iiiTliii'ji jiiul rcoltitn, iipjdied Tliierscli f^rafts over a liard 
stoiil, which ill furii was inscricd into llio cavity. They report one ease 
witii good results. In 3937, Burger"'' jiroposed lining the artificial cavity 
with fresh fetal nicndiranes. 

In 393S, i\IcIndoe-'' suggested to Counseller'' an improvement in the 
skin graft Icchniiiuc to overcome eoiilracture, which had heen the rea- 
son for so many jirevious failures. A Thiersch graft removed from the 
thigh is wrapjied around a mold and this, in turn, is introduced into 
the vaginal space which has hecii jircviously dissected out. The vaginal 
orifice is closed hy aiiiiro.ximating the lahia minora over the mold, which 
is worn for a few weeks. Counseller" reported sixteen operations in two 
years at the IMayo Clinic with excellent results in all hut one case. This 
operation has given hotter results than any of the previously described 
procedures. 


In 1938, Whai’ton-“ offered a simplified oiierative technique for con- 
structing a vagina based on the principle that the vaginal epithelium has 
remarkable powers of proliferation. The operation consists of two 
steps: dissection of a space between the bladder and rectum, and the 
insertion of a vaginal mold covered b.y a condom. This mold is allowed 
to remain in place three weeks. He performed the operation in two 
patients and also reported two other eases which wei’e treated in the 
same manner by Burch and Hundley. The late results in two .eases 
were entirely satisfactory; in the other two, only immediate results were 
Imown. HoM'ever, he recommends this procedure not for cases of com- 
plete absence of the vagina, but for eases where a small rudimentarj' 
vagina is present. 

In the light of the difficulty encountered in attempting to epithelize 


completely a newly formed vaginal cavity by means of a half thickness 
skin graft, it is not easy to understand the facility with which the entire 
cavity was epithelized solely by the proliferation of vaginal mucosa 
within the relatively short length of time stated. In our case approxi- 


mately 85 per cent of the newl}’- formed vaginal canal was lined by the 
half thickness sldn graft applied at the first operation. A small finger- 
like projection of granulation tissue resulting from failure of some of 
the oTaft to take, extended from the border of the vaginal mucosa at 
the orifice backward into the vaginal vault. There was another defect 
at the dome of the reconstructed vaginal canal. No attempt was made 
to redraft these areas for fifteen weeks, in the hope that these small 
defects would epithelize. However, this did not occur and proliferation 
'thelium took place here more slowly than in less contaminated 
° noted also that the proliferation of epithelium over the 

VI' roieetion of granulation ivas no more rapid than that in 
finger i ^e P . Because of these observations and because of tlie 
the , ^°^pjj{g\.ated epithelium elsewhere in the body, I see no 

behavior o p epithelization of a reconstructed vaginal cavity 

reason for expemnio 
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1)y proliferation of epithelium from vaginal mucosa during a time inter- 
val which is much shorter than that for the epithelization of an equal 
surface defect elsewhere. 

It can readily be seen that the ideal technique has not yet been de- 
vised. The procedure of choice should be simple in performance, should 
involve as little danger of complications as possible, and should give 
satisfactory and permanent results. Whereas we are cognizant of the 
necessity of modifying the procedure to suit the individual case, the 
basic principles involved in the different procedures are conducive to 
analysis and evaluation. Reconstruction of the vagina by intestinal 
segment transplant is objectionable not only because of the high mor- 
tality but also because of the possible development of serious complica- 
tions, such as peritonitis, thrombosis of the vessels in the mesenteric 
segment, perforation of the bladder and rectum, and extensive fulminat- 
ing infections. The procedure which utilizes the surface of the labia 
majora as an included segment of mucosa requires more extensive 
dissection than some of the simpler procedures. Similarly, those methods 
which employ, single iicdielc or tube pedicle skin transplant not only 
require lengthy operative procedures with danger of po.ssible infec- 
tion but also ncce.ssitatc extended periods of hospitalization. Another 
disadvantage is the unsightly sears on the inner surface of the thighs 
which must be subsequently repaired. The newly formed vaginal canal 
will jirobably be Ic.ss satisfactory with the use of full thickness skin 
than with half thickness skin graft. The simpler methods which e.stablish 
a vaginal canal by blunt dissection and effect proliferation of vaginal 
cpithrtization have already been discussed. 


Tliercforc, the procedure which offers the best results with the least 
amount of oiierativc maneuvers and minimal risk is the one which 
establishes the vaginal canal and affords a lining for it by the applica- 
tion of a half thickness skin graft. Among the factors which determine 
the successful lake ol skin grafts are an adciiuatc blood supply, freedom 
from infection, ami adequate and constant pre.ssurc. The fir.st two fac- 
tors are supposedly constant in many of these procedures. The last 
factor is sircatly <'nhanccd by the use of a vulcanite form of proper 
measurements, so carried as to distribute adequate and uniform ])rcs- 
snre. ^Ye jinqiose a modification of the skin graft transjilant technique 
wbii'h is simple, safe, and satisfactory. 


tratisvci-sc incision is made between the urethra and the anus at 
the jioint wbcrc tlic normal opening of the hymen is usually found in 
the virgin. Tbrough this iticision, with the index finger, a vaginal canal 


is dissected out bhuitly between the rectum ami the bladder extending 
miward to a normal depth. Hxtreme care is taken not to iicnctratc the 
p<u-iloncal cavity. A half tliickncss .skin graft is then removed from 
the inner surface of the tbigb. provided this region is suffieiontly b:iir- 
p.ss; otherwise-, It IS taken from the inner aspect of the arm. The .skin 



.sunoi;uv 


M4 

tinift is llicn \vr.'i|)])C(l iiroiind a smooth vulc.'mitc form, wliich has l)cen 
mado i)rior to operation, and tiie entire mass is inserted into tlic ne^\l}' 
Xornied vaf^inal eavity. 1'he piece of skin should he large enough to 
eoinjdetcly eovei' the form. The measurements of the cast (10 to 12 
em. long and 12 em. in diameter) conform to those of a normal vaginal 
canal. It is cylindrical in shape and rounded at both ends, with a 
slight concavity on one side in the ccntci' and a proportionate convexity 
of the other. To the distal end (the ])orlion which protrudes through 
the A'aginal oritice) is attached a .slight knob, not unlike the knoblike 
]iorlion of a dumbbell. Through this knob are made two holes for the 
reception of rubber tubes, which arc used to hold the vulcanite form 
firmly in ])laee after it is inserted into the vaginal canal. These tubes 
exert the proper prc.ssure for maintaining the form under suitable ten- 
sion in a desirable fixed position. The two ends of the rubber tube are 





1 photograph showing tlie normal anatomic appearance of the labia minora 

anil maiora as well as that of the clitoris Note that there is no suggestion of a 
Mmen or rudimentary taginal canal A firm diaphiagm coiered nith mucosa is 
present There is no dimpling. 

attached to an abdominal belt anteriorly and posteriorly. The tube 
Tjasses anteriorly doAvnward through the opening in the mold betAveen 
the thighs and then follows the gluteal fold to pass upAvard posteriorly. 
When the tubes are in place, they act as a perfect suspensory sling. 
These not only support the vulcanite form but hold it constantly in 
by conveying elastic pressure through its contact AAuth the form, 
mu f m Avhen Avorn, is nonirritating and is not uncomfortable to the 
° Cecaiise the A'ulcanite form has been made to conform to the 
patient. ec vaginal canal, and because the pressure is prop- 

size of t ie ncAA tubes acting as a .sling support, tlie graft is 

erly appbea the vaginal canal and is kept in intimate contact 
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with the denuded surfaee of the canal as well as lieing maintained in a 
fixed immovable position. The patient is kept in bed in a prone posi- 
tion for approximately ten dai’s, after which the form may be with- 
drawn, so that the newly lined vaginal canal may be cleansed and irri- 
gated. The form not only maintains the desired size of the vagina, but 
it acts in intimate contact with the graft to support and constantlj' 
massage it, this latter aotion rendering the gi’aft pliable and soft. 

At the end of approximately two wcek.s, the graft has healed suffi- 
ciently to permit the patient to sit up in a chair with the form still in 
its fixed position. No discomfort whatever is experienced from the con- 
stant wearing of the vaginal east. When strength permits, the patient 



l iy- lintosr.iph slioKinR tlic vacliml form InFortcd In the ncwlv formed v.iRlnal 

(■.•mill. Notp tlip iippi'iirnncc of tlio nibber tubp.s where tlic.v imua throuch the orien- 
InK.s In the hnobllke portion of the diFtnl end of the vnulnnl form. ^ ' 


resium-s normal activity willi tlio dilator constantly in ])lacc. Becan.se 
of the etise with which the vulcanite form may be removed, dtiily douches 
may be taken and fretment inspection with cleiinsin^r of the caiml may 
he nmde. The tihove routine insures normal expansion of the canal .so 
tluit the desired iiressure is constantly aiiplied to the surface of the 


uraft. Because of the action of the vulcanite form against the uraft, 
tlie entire linin': surface of the canal is eon.stantly massaired, Ihereh.v 
rcndcrin-g it pliable and soft. The form should he worn fni- about six 
months in order to avoi,] jlp. possibility of eouti'acture. which inevitably 
results if the surface is not constantly mass.-udcd for appro.vimatelv that 
len'.:th of time. 


The follouiii'd eas.. illustrate the te.-hui.pie de.scrihed. 
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SUIHlI’.ItY 


is (iieii luapptsl ;iroiiii(i ;i .smoolti viiksiiiKc i’ortn, wliieii lias been 
mado prior K. oporalio,,. and (he eidire mass is inserted into the newlv 
formal vn-nnal rarity. The piece of .skin slumld l,e large enough t'o 
completely cover tf.e form. Tlie measnrement.s of the cast (10 to 12 
nn. on and 12 (m. in diameter) conform to those of a normal vaginal 
canal. Jt ns evlindrical in .simpe and rounded at 1,oth ends, with a 
S’ i^, d (onc.iMt.\ on one side in the center and a proportionate convexity 
of the other. To the distal end (the portion wliich jirotrudes through 
tJic vaginal orifice) is attached a sliglit knob, not unlike the knoblike 
poition ot .1 dumbbell. Through tin's knob are made two holes for the 
Kception ol lubhei tubes, which are used to hold the vulcanite form 
firmly in place after it is inserted into the vaginal canal. These tubes 
cxcit the piopei picssure for maintaining the form under suitable ten- 
sion in a desirable fixed position. The two ends of the rubber tube are 



Fig, 1.— Photograph showing the noimal anatomic appearance of the labia minora 
and inajora as well as that of the clitoiis Note that tliere is no suggestion of a 
hymen or rudimentary \aginai canal A flrni diaphiagm co\eied with mucosa is 
present. There is no dimpling. 


attached to an abdominal belt anteriorly and posteriorly. The tui)e 
passes anteriorly do^iward through the opening in the mold between 
the thighs and then follows the gluteal fold to pass upward posteriorly. 
^Yhell the tubes are in place, they act as a perfect suspensorj’ sling. 
These not only support the vulcanite form but hold it constantly in 
place by conveying elastic pressure through its contact with the form. 
The form, when worn, is nonirritatiiig and is not uncomfortable to the 
tient Because the vulcanite form has been made to conform to the 
■ of the newly made x'aginal canal, and because the pres.sure is prop- 
aunlied by the rubber tubes acting as a sling support, the graft is 
u ly place in the vaginal canal and i.s kept in intimate contact 
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The patient engageil in normal activities ami was not aware of her abnormality 
until it was discovered when an examination of the perineum was made several 
years before. She had consulted surgeons at three clinic“. At two of these the 
operation using the intestinal segment was advocated and at the other reconstroetion 
bv the creation of a vaginal cavity by blunt dissection and the insertion of a bougie 
was recommended. Because of the variation in the suggested technique and the 
prognosis, decision to have the operation performed was deferred for several years. 

Pliysical examination revealed a healthj', attractive, white girl, 30 years old. 
Both breasts were normally developed. There were no tumors or abnormal growths. 
Female se.x characteristics predominated. E.vamination of the vulva showed normal 
female distribution of pubic hair and the presence of the labia majora and minora. 
A surface of mucosa appearing as a flat normal indurated area lay between the labia 
minora. Complete absence of the vagina was indicated by the absence of indentation. 
Rectal examination disclosed a small tumorlike growth, which was probably a rudi- 
mentary uterus, and a resistance on palpation, which was apparently the left ovaiy. 
All other physical findings were normal. (Sec Fig. 1.) 



Kin. 3. — I’hotoKranli sliowintr tlie vaninnl form compareil wltli a large Paginal 

SDCCUlUIll, 

On July 1, IPJO, under oj-clopropano anesthesia, after thorough eleaneing of the 
Milvu with normal ••aliiie .solution and soap, an incision was made between tlic labia 
minora from the urethra downward to a point where the fourclielte is normally 
found. An oiKUiirig wti'- made upward and baekwanl in the region where the \agina 
IS noriiially found, and by blunt di-'a-etion tlii"- wa-- earried back 10 to 1:1 cm. To 
a\oul perforating the re, •turn one linger of the ii'— istant wu'- placed in the rectum 
and a retention catheter iii'-erted Ihroiigli the urethra into the bhuhier. Following 
this a farm of the newlj constructed tagiiial vault was made from a plastic dental 
eoinponnd and over this was wrapi>ed a split .«kin graft wliieh had been removed 
from the medial surfaee of the left thigh. This was iiitrodiieisl into the newly formed 
vault where it was held lived by means of through and through tension suturi's in 
sorted III the lissm.« at the orifice. sterile ]Kid wits then niiplied and the legs held 
stta|q«’d for iilxiiil Iwihc Iiiiiirs. Following the openition ealheterir'ition of the pa- 
tient vielded a cousiderald.- quantity of urine, indicating that the blailder had not 
bis'll iwrforatis!. V agm-il ev-iminatam at o|H'ration reveaba! tin- .abM-m-e of a 
nteius, but llie prehear, • of il,,. adnexa. 
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}!i:poht or casi: 

'J his ji.'ilipnt (Cii'-c Js’o, M l.'j.'i.')), ii norinal, white girl, (igpfl 30 years, was admitted 
to a local hospital, .laly 1, with a diagnosis of congenital absence of the lagina. 




T, .,v,„win!r the suspensory rubber tubes, posteriorly, 
j. — Photograph sno From Figs, 3 and 4, one can sec 


assuring 
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The patient engaged in normal activities and was not aware of her abnormality 
until it was discovered when an examination of the perineum was mavle se^cral 
years before. She had consulted surgeons at three clinics. At two of these the 
operation using the intestinal segment was advocated and at the other reconstruction 
by the creation of a vaginal cavity bj' blunt dissection and the insertion of a bougie 
was recommended. Because of the variation in the suggested technique and the 
prognosis, decision to have the operation performed was deferred for several years. 

Phy.slcal examination revealed a healthy, attractive, white girl, 30 years old. 
Both breasts were normally developed. There were no tumors or abnormal growths. 
Pemalc sex characteristics predominated. Examination of the vulva showed normal 
female distribution of pubic hair and the piesence of the labia majora and minora. 
A surface of mucosa appearing as a flat normal indurated area lay between the labia 
minora. Complete absence of the vagina was indicated by the absence of indentation. 
Rectal examination disclosed a small tumorlihe growth, which was probably a rudi- 
mentary uterus, and a resistance on palpation, which was apparently the left o%aiy. 
All other physical findings were normal. (See Eig. 1.) 



Flu- S. — rUoloKraph .sliowlnK tlic vnsinal form comparofl with a laree vaKinal 

speculum. 


On .Tuly I, under cjclopropnne nnestliesia, after thorough cleansing of the 

Miba with normal --aiinc solution and .soap, an incision was made between the labia 
minora from the urethra downward to a point where the foiireliette is normallv 
found. .Vu opemiig was made uimard and backward in the region where the vagina 
is normally found, and by hluiit disscetion this was carried haek 10 fo 12 cm. To 
a\oid perforiitiiig the rectum one finger of the assistant was jdaeed in the rectum 
and a retention cutlieler inserted through the urethra into the bladder. Following 
this a form of the newl> ronstrueted \:igin:il -vault was made from a plastic dental 
compound and over tin's was \vnip|>ed a split skin grtift vvhich had been removed 
from the medial surface of the left thigh. This was inlrodiieisl into the newlv formed 
vault where it vvn“ held fixed by iin>:ins of tliroiigb and tbroiigb tension s,i(i,res in- 
sorted in the tissues at tlie orifice. .\ sterile pad was then applied ami the legs held 
simpis-d for Iilsmt twelve hours. I'ollowiiig the operation e,ail„,i,.rir;,t,„„ „f the pa- 
tient \ielded a (•oii-iderable quantity of nriiie. indn-nting that the bbid/ler fmd not 
btsni is-rfonit.sl. Vaginal examim.tioii at ojs-ralion reie-d/s] tlie aloe,,,-,. „f ,, 
uteru". but the pres.>iie,> of the adm xa. 



SUROKUY 


14fi 


I ho jiuficnf'.s i)(istoj)or!iti\(' coum* wim iiiie\cntful, tlic tcinporature nerer excecd- 
iiifC 301 3'. iind liocomiiifr iioinittl uilliin ii few day?. Tlio ■vuha \wis irrigated regii- 
laily, An 85 jier eent take of tlie graft was olilained. Tlie jinlient progressed nicely 
and was diseharged, July S.'J. 





Fig. 6. — Photograph sliowing large vaginal speculum inserted into the newly con- 
structed vaginal canal. Note the size of the canal after tlie speculum has been com- 
pletely opened. 



„ •r.s..if.PT!inh showing the normal appearance of the perineum following the 

Fig. 7.— Photograpn ® construction of the vagina. 

n to the difficulty of retaining the form which had previously been made from 
dental compound, a vulcanite form was made to conform to the size of 
a plastic paginal canal. A complete description of tliis form has already been 

the newly ina e many advantages of tliis type of dilator over those 

given which enuni patient was able to wear tliis form with comfort 

which aie common} u ■ means of the rubber tubes, a satisfactory 

and because of the suppo 
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pressure was aUvavs applied. These tubes permit the form to be removed with ease 
and as a result of this frequent cleansing is permitted. The vulcanite mold is worn 
constantly during the first six months following operation. (See Figs. 2 to 5.) 

Because of a slight area of granulation tissue at the orifice and another small 
area at the dome of the newly formed vaginal canal, on November 13, a second graft 
was removed from the left thigh and placed on the stent and the stent reinserted. 
A third graft was applied to a slight defect at the dome of the canal. Eesults 
following this procedure were satisfactory. 

The patient was kept under constant observation for a period of six months, 
during which time she wore the vulcanite form continuously, changing it daily to 
permit cleansing and douches. At this time no tendency toward contracture was 
seen. The canal remained approximately the same size. The character of the skin 
graft which had been applied to establish a lining for the constructed canal showed 
definite change. In appearance the skin resembled mucous membrane. No micro- 
scopic section of this tissue was made since it has been shown by previous authors 
that skin grafts, when applied to defects in mucous membrane lined cavities, uni- 
formly manifest a change wliich makes them not unlike mucous membrane in appear- 
ance. In some instances the microscopic picture shows a change which is similar to 
that seen in microscopic sections of mucous membrane. 

Frequent examinations were made on this patient for two years and it was found 
that the character of the skin graft remained essentially the same as that described 
above and it showed no tendency to become unstable. No tendency to contracture 
occurred during this time. See Figs. 0 and 7. 


SUMMARY 

1. There is every justifieation for the con.struetion of an artificial 
vagina in tiiosc cases of congenital absence which are otherwise normal. 

2. Congenital absence of the vagina is not a.s rare as formerly a.ssumcd. 

3. The various operative techniques for correction of this defect arc 
reviewed briefiy. 

4. A modifieatiou of the skin graft transplant technique, which is 
simple, safe, and satisfactory, is proposed. 

A case of congenital ahsenee of the vagina in which this method 
was employed with excellent rc.sults is reported. 
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Recent Advances in Surgery 


Conducted by Alfred Blalock, M.D. 


CRUSH AND COMPRESSION INJURIES WITH UREMIC DEATH 
John Mohardt, M.D., F.A.C.S., Chicago, III. 

D uring the past year the British medical literature has contained 
reports of cases which, at first, wei*e thought to be unique observa- 
tions of this war. These wei’e cases of crush and compression injuries 
accompanied by renal failure which for a time were considered to 
present a new syndrome. It is incredible, however, that this syndrome 
has not been associated with injuries sustained in civil practice (mine, 
automobile, and other types of accidents resulting in crush and com- 
pression injuries). It must be that the effects of such injuries were 
not observed carefully or not recorded, inasmuch as very little has 
appeared on the subject in the English literature. The studies of By- 
waters and others^"’ liave revealed references in German periodicals to 
cases occurring in the last great war. 

During the hlessinan earthquake, in Italy, a considerable number of 
persons were crushed, compx’essed, or buried. A German expedition 
arrived at the scene fourteen days after the catastrophe. Colmers,® in 
1909, described among eighty-three casualties from this earthquake 
nineteen victims suffering from acute fatal pressure necrosis, and in 
only one was there a history of oliguria vdtli blood urine. 

In 1916, PrankenthaP" described three soldiers who had been buried 
and who showed edema, Woody urine, and post-mortem ischemic muscle 
necrosis. However, no importance was placed on the findings in the 
urine. Other pathologists described similar material, some in journals 
now inaccessible. Among these Hackradt,^^ in 1917, fi’om Borst’s 
laboratory described tissue from a patient who had been buried for nine 
hours, and in whom oecurred edema of the legs and vesicles and bloody 
urine containing albumin and casts. The patient died on the fifth day. 
Necropsy showed muscle necrosis with associated tulmlar degeneration 
. in the kidneys. Haekradt focused attention on the sharp distinction 
between acute hemorrhagic glomerulonephritis (“war nejihritis”) and 
tlie specific tubular degeneration in the kidneys associated with crusli 
or compression injuries of the extremities and other jiarts of the body. 
He cites the autopsy findings of one case reimrted by Borst-' " and two 
eases by Bredauer.'* On the basis of autopsy findings, Haekradt points 

151 




150 


SUROKRY 


12. Paiur/., A.: Koriimfion of an Artififinl Vagina to Remedy Concenifal Defect, 
Zonfrallil. f. Gyniik. 47: SS.'!, 102.1. 

1.1. Ilaberlin: Operation bei vollipem Manzcl der Selicidc-vorscldag einer nouen 
operntion.sniethodo, ZentraUd. f. Oyniik. 29: 201, 1907. 

14. Monod, R., and^ Iselin, M.: Colpoplastic Pour Absence Congcnitalc do Vagin 

])ar nil Proeede Anu'liore de GrelTcs do Ticr.scli Jlontees sur Tutcur Eigide, 
:Meni. Aead. de Cliir. 62: 0!I7, lO.lfi. 

15. Selmberl, G.: Concerning tlic Formation of a Xeiv Vagina in tlic Case of Con- 

genital Jlalformation, Surg., Gyncc. & Obst. 193: 370, 1914. 

16. Sncguiieff, IV. F.: Zwei neue Fall von Rc.stitutio vaginae per transplantationem 

am ct recti, Zentralbl. f. Oyniik. 28: 772, 1994. 

17. Popoi\% P. P.: Cited by Meyer: Kolpoplastik, Zentralbl. f. Gynak. 37: 639, 

18. Graves, AV. P. : Gynecology, Pliiladelpliin, 1917, M’. B. Saunders Company, pp. 

38o. 

19. Frank, R. T., and Geist, .S. II.: The Formation of an Artificial A'^agina by a 

New Plastic Teclinic, Am. .T. Obst. & Gyncc. 14: 713, 1927. 

20. Gillies, II. D.: Plastic Surgery of the Face, 1920, O.vford University Press. 

21. Pouglass, M.: Consti-uction of Artificial A’^agina, Am. J. Obst. & Gmec. 35: 675, 

1938. ’ 

22. Pavis, C. IT., and Cron, R. S.: Congenital Absence of A'^agina; Report of Two 

Cn.scs Treated by A^aginal Plastic Operation, Am. J. Obst. & Gvnec. 15: 196, 
1928. 

2o. Grad, II.: Teebnique of Formation of Artificial A^agina, Surg., Gimec. & Obst. 
54: 200, 1932. ^ ^ 

24. Burger, K. : Kiinstlicbc Scbcidcnbildung mittels Eiliautcn, Zentralbl. f. Gyniik. 

61: 2437, 1937. 

25. Meindoe, A. H., and Banister, ,T. B. : An Operation for the Cure of Congenital 

Absence of the A'’agina, J. Obst. & Gynaec, Brit. Emp. 45: 490, 1938. 

26. AAOiarton, L. R.: A Simple Method of Constructing a A^^agina, Ann. Surg. 107: 

842, 1938. a b > 



RECENT ADVANCES IN SURGERY 


153 


accumulated products of metabolism into the injured muscles is the 
responsible agent. Frankenthal,^'* Borst,'' ^ and Schmincke^* are of 
the opinion that the muscle necrosis is of local anemic origin based on 
the vasomotor paralysis of the vasomotor nerves, and that the bleeding 
into the tissues at the point of injury is diapedetie in origin. 

Acute renal insuffieienej’ is a common elinical finding in cases with 
crush or compression injuries, as has been recorded by Bjnvaters and 
Beall (1941) Beall, Bjuvaters, Belsey, and Miles^ in 1941 ; and Mayon- 
Wliite and Solandt,^® also in 1941. The acute renal insufficiency is 
always accompanied by acute changes in the kidneys of a specific and 
unusual nature. The most definite changes found in the kidneys from 
the crush syndrome comprise the following: (a) light-bro%vn easts 
resembling hemoglobin in seeondaiy convoluted tubules; (b) prolifera- 
tion of cells in some of these tubules; (c) the more intense focal lesions 
rupture the tubules and allow protrusions of albuminous material into 
venules; (d) large orange-biwvn easts are found in the medulla in 
many collecting tubules. Their presence is associated with damage and 
regeneration of the epithelium, and the casts are quite numerous. The 
essential pathologic lesion is restricted, then, to the ascending limbs of 
Henle’s loops and the second convoluted tubules. The most severe of 
the tubular lesions implicates the walls of the small venules into which 
many of them have perforated. 

It is difficult to find in the diseases of man any analogy for a condi- 
tion of selective damage to the lower segments of the nephron, but evi- 
dence drawn from experimental lesions in animals may assist in elu- 
cidating the pathogenesis of a lesion of this kind. Dunn and Poison,'® 
in 1926, demonstrated that by introducing into the cii’culation of the 
rabbit large doses of uric acid in solution in the form of lithium mono- 
urate, selective damage could be produced in the ascending limbs of 
Henle, in the secondary convoluted tubules, and to some extent in the 
collecting tubules, while the fii-st convoluted tubules remain normal in 
appearance. Necrosis of the epithelial linings is produced within an 
hour or so after injection, and the regenerative changes are in full 
swing by the fourth to the eighth day. In the regenerative phase the 
lesions show a distinct similarity to those seen in the kidne 3 ’s of cases 
with crash or compression injuries. In these animals, just as in 
uranium or oxalate nephritis where the first convoluted tubules are 
selectiveh" damaged, an anuria or oliguria is present with a rise in 
blood urea. These findings have been attributed bj' Dunn and Poison to 
nonseleclivc reabsorption of filtrate through the damaged wall of the 
tubules into the venules thus escaping excretion. More recentl.v, 
JlcFarlanc (1941)®’ has shown that in the experimental nephritis of rats, 
which was described by MacKaj- and Oliver,®® in 1935, and bj- Duguid,'“ 
in 1936, the lesion is again restricted to the lower nephron segments, and 
lie agrees with Dunn and Poison in attributing the special localization 
at this level to change of reaction in the filtrate. 
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oti( Ihnl such Irauinas, c.s])ecially ■vvlicn llicy a 7 'e multiple and involve 
(he central nervous system, chest, abdomen, or pelvis, cause death as a 
result of ■\videsi)rcad fatal embolism. 

In microscopic studies of antop.s.v material the German authors 
found no disturbance in the circulation of the kidnej's as evidenced by 
vascular engorgcjnent. Brown corny cylinders were found in the 
tubules oi the medullary .substance and were considered to be the prod- 
ucts of intense mcthemoglobin infarction in the pj’ramids. The marked 
reduction in the cpiantity of excreted urine was thought to be caused 
bj" blockage of the canaliculi with mcthemoglobin cylinders. Bredauer^ 
attributes the presence of free hemoglobin in the blood and the excretion 
of hemoglobin in the urine to the disintegration of muscle substance at 
the point of muscle necrosis, the formation of eatabolie products there, 
and the absorption and circulation of the myohemoglobin and foreign 
proteins in the blood stream. 

Jlinami,^* in 1923, summarized the literature and investigated the 
material from three other cases from Pick’s laboratory, cases which had 
been described by Lewin,--' in 1919. Minami’s description tallies exactly 
with the findings of Bywaters and Beall,=’ “ in 1941, in two victims 
buried by grenade explosion. On the second day following the event, 
these patients showed painful swelling of the thigh ; on the fourth day, 
scanty bloody urine and tenderness in the kidney J-egions appeared; 
on the fifth day, only 100 c.c. of urine, less pigmented, was found; and 
on the sixth day, when death occurred, the urine was still scanty but 
not yellow, and contained red and hyaline casts. Necrops.y showed grey 
muscle necrosis at the point of injury. The kidneys showed normal 
glomeruli, degeneration of the convoluted tubules, and pigmented 
masses -and ribbons of debris in the collecting tubules and in Henle’s 


loops. Minami pointed to the analogy between this condition and 
paralytic myoliemoglobinuria of horses. He intended, were it possible 
for him to get fresh material, to identify the pigment speetroscopicallj'. 


By the end of the last war the syndrome was well recognized by the 
Germans and was included in their textbooks of surgery. In Great 
BritaiJi however, it appears to have been unrecogiiized and undeseribed 
prior to the present war. All such traumatic cases terminating in 
death should be investigated systematically, not perfunctorily. 

In attempting to explain the peculiar muscle necrosis in compression 
'niuries some interesting hjTotheses have been advanced. Minami 
^ t 1 tes that the muscle necrosis appears to result from indirect 
• • "to the vessel walls without thrombus formation. As a result, 
injuij ^ distribution of the areas of necrosis occurs, not only 

a pa c } , extremities but in the muscles of the back, chest, abdomen, 
in the Ortb^’* explains the necrosis as a eonsef|uenee 

and ’ ’2.‘2j.axx,Tiatic pressure. Wieting^« believes that the necrosis 

of the mu ^ pai-enehymatous degeneration of the muscle elements, 
is caused by a j ^ ii' jd.chemical, osmotic, acid penetration of tlie 
GrolT'’ thinlrs that eonu 
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accumulated products of metabolism into the injured muscles is the 
responsible agent. Prankentbal,^^ Borst,^’ ® and Schmincke’* are of 
the opinion that the muscle necrosis is of local anemic origin based on 
the vasomotor paralysis of the vasomotor nerves, and that the bleeding 
into the tissues at the point of injurj’’ is diapedetic in origin. 

Acute renal insufficiency is a common clinical finding in cases with 
crush or compression injuries, as has been I'ecorded by Bywaters and 
Beall (1941) f Beall, Bywaters, Belsey, and hliles^ in 1941 ; and IMayon- 
White and Solandt,"'’ also in 1941. The acute renal insufficiency is 
always accompanied by acute changes in the kidneys of a specific and 
unusual nature. The most definite changes found in the kidneys from 
the crush syndrome comprise the following: (a) light-brown easts 
resembling hemoglobin in secondarj' convoluted tubules; (b) prolifera- 
tion of cells in some of these tubules ; (e) the more intense focal lesions 
rupture the tubules and allow protrusions of albuminous material into 
venules; (d) large orange-brown casts are found in the medulla in 
many collecting tubules. Their presence is associated with damage and 
regeneration of the epithelium, and the casts are quite numerous. The 
essential pathologic lesion is restricted, then, to the ascending limbs of 
Henle’s loops and the second convoluted tubules. The most severe of 
the tubular lesions implicates the walls of the small venules into which 
many of them have perforated. 

It is difficult to find in the diseases of man any analogy for a condi- 
tion of selective damage to the lower segments of the nephron, but evi- 
dence drawn from experimental lesions in animals may assist in elu- 
cidating the pathogenesis of a lesion of this kind. Dunn and Poison, 
in 1926, demonstrated that bj’ introducing into the circulation of the 
rabbit large doses of uric acid in solution in the form of lithium mono- 
urate, selective damage could be produced in the ascending limbs of 
Henle, in the secondary convoluted tubules, and to some extent in the 
collecting tubules, while tlie first convoluted tubules remain normal in 
appearance. Necrosis of the epithelial linings is produced nothin an 
hour or so after injection, and the regenerative changes are in full 
swing by the fourth to the eighth day. In the regenerative phase the 
lesions show a distinct similarity to those seen in the kidneys of eases 
with crush or compre.ssion injuries. In these animals, just as in 
uranium or oxalate nephritis where the first convoluted tubules are 
selectively damaged, an anuria or oliguria is present with a rise in 
blood urea. These findings have been attributed by Dunn and Poison to 
nonsclectivc reabsorption of filtrate through the damaged wall of the 
tubules into the venules thus escaping excretion. More recently, 
iMcParlane (1941)-' has showm that in the e.xperimental nephritis of rats, 
which was described by MacKay and Oliver,-* in 1935, and by Duguid,*® 
in 1936, the lesion is again restricted to the lower nephron segments, and 
he agrees with Dunn and Poison in attributing the special localization 
at this level to change of reaction in the filtrate. 
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A feature wJiicIi appeaivs to he ijuiqite among the tubular changes in 
the reported cases is Hie localization of tlie most intense damage at points 
Mherc the lower nephron segments lie in close proximity to veins. In 
UX’ic-acid nex)hritis there seems to be little doubt that the lesion is 
determined by precipitation of the agent from a soluble form in AvliicU 
it is relatively harmless to a solid form Avhich exerts the destructive 
effect. It seems possible that in the eases reported, also, a specific toxic 
substance is produced in the presence of acid, and that the proximity of 
venous blood has an influence in peimitting a greater swing toward an 
acid I’caetion in this area than is reached at other parts of the nephron. 

Nothing certain is Iniown, as yet, of the nature or source of any toxic 
agent which may be responsible for the I'cnal damage in cases of crush 
syndrome. The available facts, however, appear to justify the primary 
view to which most observers have adhered — that after release of the 
affected tissue fi'om a compressed or more or less ischemic state, some- 
thing toxic is absorbed from it into the circulation as the vessels reopen, 
and that the toxic agent affects the kidney in the course of excretion. 
The numher and kinds of possible toxic agents which could so arise are 
conjectural and the suggestion that the cast material, which apparently 
contains myohemoglobin (Bywaters and Delory,' 1941), is toxic is 
probably true.' Uric and phosphoric acids have been suggested as possi- 
ble toxic agents to the kidneys, since both of these molecules have a 
well-recognized -origin in muscular tissue in the form of inosinic acid. 

The part, if ' any, which may be played in the initiation of this syn- 
drome by the lowered blood pressure in shoek has yet to be determined. 
Bjuvaters and Beall,“ xvhile recognizing that a fall of systemic pressure 
and dehj'^dration may contribute toward the development of oliguria, 
could not attribute' primary significance to these factors in their cases 
or those of others. There also appears to be general unanimity that the 
degree and kind of renal functional disturbance which develop after the 
crushing of limbs are quite distinct from any of the sequelae of ordinary 
suro’ical shock. The significance of selective involvement of the kidnej'S 
in the crush syndrome can hardly be overlooked. 

In the records of fatal cases of crush injuries the brown casts in the 
renal tubules have been a conspicuous feature, and similar casts have 
been described in the urine of patients who recovered (Longland and 
Murray 1941'“) ■ question has been i-aised as to whether bloelxage 

of tubules by these easts could be the cause of the renal disability, but 
r toloo-ic evidenee on this point is inconclusive. The persistence of casts 
•^^^tl ° urine could easily depend on the diminution of the filtrate, 

• this resulted from an impaired circulation, dehydration, or .some 
whe lei important criticism of the blockage theory, liow- 

other cause.. Bywafers and Beall,' who point out that if 

ever, na alone were concerned, such urine as was seci'cted 

tubular obs rue normal composition, coming from unobstructed 

should theore ica „gj^,ience the urine was little more than a glo- 

tubules, but m then exp 
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menilar filtrate with a urea concentrating factor of 1.6 to 3.8 in their 
Cases 1 and 2. This is confirmed by figures taken from Henderson '.s=- 
(1941) chart of a recovered case with a concentrating factor about 3.3 on 
the tenth day when the urinai’y output was about 700 c.c. In Cases 
1 and 2, reported liy Professor J. Shaw Dunn and others/^ single ob- 
servations on the eighth day gave concentration factors of only 2.7 and 
3.3, respectively. Such extreme degrees of ablation of one of the highest 
functions of the kidney are of considerable moment and it is no doubt 
significant that among acute renal conditons the greatest reduction of 
concentrating power is known to occur when there is severe damage to 
tubular epithelium. This maj' be observed in mercurial nephritis in 
man and animals. 

The clinical picture of fatal renal failure after cru.shing or compress- 
ing of limbs or other parts of the body, or after burns, is best presented 
by describing a typical case history. The patient has been buried for 
several hours with pressure on a limb or limbs. On admission to the 
hospital his condition may be good, the pulse and the blood pressure 
normal. There is swelling of the limb, some local anesthesia, and 
whealing. The edema spreads along the limb or limbs, movements of 
the limbs become limited or are absent, and various sensorj’ disturbances 
may be present, such as anesthesia, hyperesthesia, or pare.sthesia. 

In the crushed limb the changes observed include necrosis of the mus- 
cle of patchy distribution, hemorrhage into the muscle which may not 
be constant, edema of the limb, and an increased tension of the tissues 
within the fascial compartments of the limb. Intense arterial spasm 
appeared to be a common cause of the ischemia. Clinically, peripheral 
arterial pulsation was sometimes absent when the case was first seen. 
Loss of nerve function was recorded in the majority of the cases. 

The hemoglobin is raised; a few hours later the blood pressure falls 
and shock ensues. This may be succe.ssfully combated by transfusions 
of serum, plasma, or blood. The urine, however, diminishes and con- 
tains albumin and many dark brorni and black granular easts. The 
patient is alternately drow.sy and anxious. Thirst and excessive vomit- 
ing are present commonly. The blood urea and potassium become 
progressively higher, the sodium chloride and the COo combining power 
of the blood are progressivelj’’ diminished, and death occurs in about 
a week. 

Xcoi’opsy reveals necrosis of mu.sclc and, in the renal tubules, degen- 
erative changes and casts containing brown pigment. The east;;, on 
mieroseopic examination, appear to be composed not of red cells but of 
desquamated epithelial cells, the pigment probably being due to hemo- 
globin excreted into the lumen from the blood stream. The gro.ss and 
microscopic a])pearance of the kidney resembles the kidney of mis- 
matched transfusion. There wa.s, however, no clinical evidence of a 
transfusion reaction, and samples of plasma taken seventeen and forty 
hours after transfusions showed no increased color. Furthermore, fatal 
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cfKsos With identical lesions in the kidneys are being reported, in which 
) oocl transfusion has not been given. Bywalers and BealP point out 
that the syndrome did not occur in any of twent.v-five shocked and in- 
.inrcd patients M'itbont severe muscle crush, treated in their hospital 
In blood or serum transfusion. The only common factor in all of the 
reported cases is muscle necrosi.s. 

Hie prognosis depends upon many factors. The duration of the 
crush did not seem to bear much relation to survival. Those crushed 
tor a long time might recover. Another factor influencing prognosis 
was the e.vtent of the injury. Particular care should be exercised in a 
case of muscle damage by crush or compression, for at the beginning 
the serious cases can not be di.stinguishcd from the comparatively minor 
ones. A further factor ivas the rise in the blood urea. In the severe 
cases in which the patients I’ecovered there was a fall in the blood urea 
at about the same time as death occurred in the fatal cases. The urea 
could rise to ver.v high levels, and the patient might recover vdthout 
any treatment whatever. Eecovery occurred in about one-third of the 
patients admitted. In about two-thirds of the eases, death took place 
from renal failure, generally at about the fifth to the eighth day. 

Treatment is directed toward dilution of the toxins and promotion of 
diuresis, while adrenal cortex extract is given to check the rise in blood 
potassium which results from the increased permeability of injured 
muscle, at the site of injury, and the more rapid escape of intercellular 
ions. Primary amputation of the affected limb has been tried in a few 
eases but has failed to save life, while in the others when recoveiy oc- 
curred, it did so without amputation. Decompression of the limb by 
multiple incisions into the limb was tried in a few cases without results. 
Patey and Kobertson®” thought the syndrome might be due not to lib- 
erated autolytie bodies from damaged muscles, but to a loss of substances 
from the circulation into the affected limb on the release of compression. 
This would readily explain tlie shock and possibh' the renal failure as a 


secondary manifestation of shock. If this is true, large intravenous 
injections of plasma or serum would tend to increase the loss of blood 
constituents into the damaged limb in the same manner as in a burn. 


with subsequent increase in edema. The logical procedure seemed to 
be to prevent this leakage of fluid from the circulation. Patey and 
Kobertson treated two cases by applying intermittent positive pressure 
up to 60 mm. of mercury to the edematous areas, using an especially 
lartre blood pressure cuff. In both cases there urns a greatly increased 
Jutput of m-ine immediately, softening and later disappearance of tlie 
1 ma a fall of blood urea to normal, and recovery. On the basis of 
tW findino' it would be logical to bandage the limb firmly by wide 
■‘’LorUitplv at the time the debris is removed from the limb, 
bandages ^ .splinted as soon as possible. For the 

The , 1 spasm probably heat and intr avonous atropine and 

associated penpampi . i _ 

papaverine are indicated. 
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It should be impressed on rescue workers that the real danger to 
people pinned down by -HTeckage is kidney failure, and therefore it is 
of paramount importance to ensure copious diuresis, particularly at the 
time they are about to be released from the pressure. The advantages of 
a good urinary flow Avould be a dilution of chemical substances in the 
kidnej’- tubules and perhaps prevention of precipitation of m 3 mhemo- 
globin easts. As pointed out bj' klaitland,-® in Iflll, isotonic sodium 
sulfate solution has been advocated as a potent diuretic from time to 
time. In view of the original oliguria present, he suggests that isotonic 
sodium sulfate solution be given by the drip method, intravenouslj', up 
to several pints a da 3 ^ 

No severe additional damage or diffieultj^ would accrue b.v the imme- 
diate application of a tourniquet above the compression. This should 
be maintained until good diuresis has started, then the tourniquet should 
be released graduallJ^ 

These patients have a low alkaline reserve and alkalinization of the 
patient shoifld be instituted as earlj-^ as possible. The administration of 
alkalis in quantities adequate to render the urine alkaline is a rational 
procedure. Sodium bicarbonate and sodium citrate should be given bj’’ 
mouth from an early stage in quantities of 200 or 300 gr. a day. The use 
of a soduim salt must be emphasized because of the high blood potassium 
present which might conceivablj' be one of the biochemical factors lead- 
ing to death. Improvement of urinarj^ output occurs after extensive 
alkaline therapj'. Good diuresis, of course, cannot be maintained in the 
presence of cireulatory collapse. Hence, shock should be treated bj’’ 
transfusion, the transfusion fluid being serum or plasma. 

CONCLUSIONS 

1. The admission of a large number of casualties to a hospital may 
result in the early crush syndrome being overlooked unless examina- 
tion is systematic. The patient may look well in the early stages and 
be passed over temporarilj'. 

2. To date, the present war has produced no new surgical problems. 
However, one outstanding observation has been made — the appearance 
of grave and often fatal kidnej' damage after prolonged compression 
of the limbs. 

3. Jlost authors agree that the essential pathologic lesion is muscle 
necrosis at the site of the injuiy ; that the breakdown of autolytie prod- 
ucts from dead or dj'ing muscle is the main factor which damages the 
kidneys. Two main effects are produced in the kidneys: Some chem- 
ical substance is liberated which poisons the tubule selectively, and there 
is present, also, a tubular blockage factor, quite possiblj- resulting from 
tlie precipitation of myohemoglobin casts. 

4. It is "cuerally agreed that the crush sjmdrome is a definite entitj' 

and tliough rc.sembling mismatched transfusion and the effects of pro- 
longed .shoek, it is differentiated by its distinct clinical, biochemical, and 
pathologic features. ’ 
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o. Primary anipulatioii in the early slafres has been tried in a few 
cases and lias resulted fatally. Decompression of the limb by multiple 
incisions has also been tried in a few cases without result. Tliei’apeutie 
at tempts are directed toward the treatment of shock, dilution of the 
toxins and promotion of diuresis, restoration of a depleted alkaline re- 
serve, compression b.y intermittent positive pressure or bj' firm bandag- 
ing of the injured limb, immobilization of the injured part and intrave- 
nous atropine and papaverine for release of the associated arterial spasm. 
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0 . Primary amputation in the carlj'^ stages lias been tried in a few 
eases and iias resulted fatally. Decompression of the limb by multiple 
incisions has also been tried in a few cases without result. Therapeutic 
attcmi)ls are directed toward the treatment of shock, dilution of the 
toxins and promotion of diuresis, rc.storation of a depleted alkaline re- 
serve, compression by intermittent positive pi’essure or by firm bandag- 
ing of the injured limb, immobilization of the injured part and intrave- 
nous atropine and papaverine for release of the associated arterial spasm. 
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Tliis list of authors, as well as manj- equally well known in other fields, gives 
assurance of the authoritative character of the reviews. Obviously, too, as the title 
implies, key indices to pertinent current literature are included. This monograph 
complements, in a useful manner, the j'ear books published in the various specialties. 
This reviewer believes this effort of the authors, editor, and publisher to be a worth- 
while endeavor which should be continued from year to year. 


Psychosurgery. By Walter Preeman and James W. Watts. Pp. 337. Springfield, 
HI., 1942, Charles C Thomas, Publisher. 

This challenging monograph is devoted to the operative treatment of patients 
with intractable psychoses. Part I gives an interesting historical account of tlie 
earl}^ efforts of surgeons to deal with mental disorders, from the primitive trephining 
of the. Incas down to the random cortical resections of Burckhardt in Switzerland, 
fifty years ago. It remained for Puussepp in Estonia and Egas Moniz in Portugal 
to develop a more rational plan of interrupting the frontal association fibers. Part 
II takes up the anatomie-physiologj’ of the frontal lobes and their connections, 
through the frontal association pathways, with the medial dorsal nucleus of the 
thalamus and other portions of the brain. The function of the frontal association 
areas has been arrived at from man 3 ' angles and the authors’ description of 
psj’chologio observations made after experiments on lower animals, frontal lobe 
softening, atrophj-, wounds, and the effects of lobectomj’ in man is a particularlj- 
valuable review of tliis field. 

In Part III Preeman and Watts describe the technical improvements they have 
made in the Moniz method of frontal lobotomj’. With the original "leueotome, ” 
transection of the entire frontal radiations was uncertain and it soon became ob- 
vious that there are definite hazards in transecting the fiber tracts from above. The 
authors’ present technique of making bilateral trephine openings (through the 
coronal suture and 6 cm. above the zj-gome) and cutting across a wide pie-shaped 
section of white matter with a straight, blunt instrument permits a surer and safer 
division of the association fibers. The operation is carried out under regional 
anesthesia, which permits continued observation of the ps.vchologic reactions of the 
patient. These are described in interesting detail and special emphasis is laid on 
the fact that the surgical transections must be made to a sufficient extent to produce 
drowsiness on the operating table. Freeman and Watts ’ method, however, is not free 
from cerain risks, as three patients have died as the result of postoperative clots and 
a similar number have developed epilepsj’. 

The authors begin their work with the obvious, although unfortunately not gen- 
erally accepted, assumption that psj-chiatric disease is brain disease. To this is 
added a second assumption, namelj-, that brain surgerj- is therefore a reasonable 
therapeutic approach. The interesting points in the book from the psj'ehologic 
point of view are: (1) the changes during operation, (2) changes of thinking and 
behavior cau.ced by the operative lesion, (3) changes in the patient ’s illness follow- 
ing operation, that is, the therapeutic results. 

It is striking that a change in the patient’s state of awarene.=s of his surround- 
ing.s and ability to report on it takes place only after the operative lesion has been 
made in upper and lower quadrants bilaterally. The end point for the “complete” 
operation is a psychologic, not an anatomic one, that is, confusion or impaired 
ability to respond on the part of the patient. 

A« a result of operation there are certain noteworthy common changes in the 
patients; (1) loss of ambition and drive. (2) change in emotion:il attitude and (3) 
deterioration in social liabit.s-. The authors de.scribe “lack of initiative’” “pro 
cni.st illation,” “ slowness laziness-, dullne.ss, fatigability, euphoria, apathv, factitious- 
ne.s.s, irritability, ’ “tactlessness, poor judgment, sarcasm,” and “impulsive acts ” 
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A Manual of tho Treatment of Fractures. By John A. Caldwell, M.D., Professor 
of Clinical Surgery, College of Medicine, Universit 3 ' of Cincinnati; Director of the 
Fracture Service, Cincinnati General Hospital. Pp. 150, with 76 illustrations. 
Springfield, 111., 1941, Charles C Thomas, Publisher. $3.50. 

This small concise manual of the treatment of fractures is probablj' the best of 
the several such books that have been published in the past few j’ears. It fills ade- 
quatelj' the need of medical students, house officers, and the general practitioner for 
a small but up-to-date authoritative textbook for rapid reference. It adheres to the 
recognized orthopedic principles and makes clear what leading contemporary au- 
thorities consider good practice in the treatment of fractures. 

The illustrations are ample, to the point and diagrammatic. Unfortunately, 
there are no roentgenographic reproductions. 

At the end of each chapter there is included a short list of references to the 
pertinent literature which should be of value to the student wishing to review the 
original sources. The book can be recommended as a welcome addition to our teach- 
ing armamentarium. 


Synopsis of (Jenitourinary Diseases. By Dodson, Austin I., INI.D., F.A.C.S. Ed. 3. 

Pp. 302. St. Louis, 1941, The C. V. Mosbj' Co. $3.50. 

This small, compact text is, as its name implies, a condensed handbook on urolog)’. 
For lack of space, many theoretical considerations and alternatives of treatment are 
necessarily omitted, but it must be emphasized that nothing of any real practical 
value is left out. Also, surgical technique and postoperative care of surgical cases 
do not come within the scope of such work, and properly so, since it is designed 
purely' as a handbook or guide in the management of office urologic practice. 

The present edition is the third, and appeared last year, indicating the Dr. Dodson 
has revised and brought the book completely up to date, as regards recent advances 
in treatment. 

All in all this little text can unhesitatingly be recommended to all students and 
general practitioners of medicine as perhaps the finest work of its kind, in bringing 
to them in easily accessible manner, the innumerable bits of information necessary 
to the office practice of urology. 


Medical Progress Annual 1940. A series of fifty-two reports published duriiig 
loan in the Neio England Journal of Medicine under the managerial editorship 
of Kobert N. Nye. Pp. 625, with S illustrations. .Springfield, 111., 1941, Charles 

C Thomas, Publisher. 


. ^nnnwanh presents an excellent group of papers, requested from the 
; ,1 Journal of Medicine, written by foremost men in their lespcctn-e fields. 

^ew Engl(i^ specialties of medicine. A number of papers of great 

The book embraces n jjjclutled: A. W. Allen writes on ‘‘Progress in Abdominal 

interest to the simgeon.^^ <<Ciindren’s Surgery”; C. M. Jones on “Gastroen- 

Surgery”; “The Nutritional Requirements in Obstructive .Inuii- 

terology”; J- ‘‘Surgery of the Sympathetic Nervous .System”; and 

dice”; K- H. “‘“'progress in Thoracic Surgery.” 

E. D. Churchill on fr g 
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Original Communications 


THE APPLICATION OP PHLEBOGRAPHY TO THE THERAPY 
OF THROMBOSIS AND EMBOLISM 

Claude E. Welch, il.D.,’^ Hexry H. Faxox, jM.D.,^ axd 
Claude E. McGahey, M.D.,t Bostox, Mass. 

I NCREASING clinical interest in the problems of thrombosis and em- 
bolism has led to the frequent use of phlebograms, not only for diag- 
nosis, but, in many cases, to furnish necessary preoperative information. 
While a few sporadic radiographic studies of the venous system were 
made in the Jlassachusetts General Hospital in the past, our experience 
has been gained almost entirely within the last year. During tliis period 
phlebograms of slightly over 100 lower extremities have been made by 
various members of our peripheral vascular clinic. It has been possible 
to cheek anatomically the accuracy of the radiographic interpretations 
in many of these cases, since, to this date, seventy-three patients have 
had exploration and ligation of the femoral vein performed (nine of 
this latter group had bilateral ligations). 

Great credit must be given to dos Santos’ and to Bauer® for their 
introduction and elaboration of the phlebograpliic technique, with its 
application to the disease of thrombo-embolism. After studying their 
monographs, it is easy to become extremely enthusiastic about the 
method. Critical evaluation has substantiated many features, but has 
also discovered certain limitations that must be I'ecognized. Some of 
the problems tliat have developed have been noted by Douglierty and 
Homans,® but are important enough to merit further discussion. 

METHODS 

The first problem involves the production of an accurate phlebogram. 
This should demonstrate, so far as possible, the patency or block of all 

In SurKcr>'. Mns«sachu‘?ctls Genenil Hospital. 
tGratluatc As'sistnnt in Surf:er>‘, Resiticnt Fellow In Surpcr>*, ^lassachusctts Gen- 
era! Hospital. 

Hecolvot! for publication. April 10^2. 
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!is cxarHpIcs of cliango or loss. In other words, new symptom.s are produced and 
pre.suninbly mark an improvement over the symptoms of the patient’s illness. 
Neurologic .sequelae have included : inertia, ma.sked facies, convulsions, hemiparesis, 
aphasia, and ataxia. Permanent change with respect to the above symptoms is less 
common than temporary change. 

Most of the c.asos subjected to this operation were diagnosed affective reaction 
types (.SS cases) or tension states (19 c,ases). High degree of persistent relief is 
reported for the symptoms: nervous tension, worrj', anxiety, insomnia, suspiciousness, 
apprehension, agitation; for crying spoils, suicidal idea.s, depersonalization, frigidity, 
irritability; for introversion, indeci.sivene.ss, negativism, dclusion.s, ideas of influence 
or reference. Therapeutic results reported of the affective reaction type group 
(."S eases): 2G patients, good; G, fair; 4, poor; 1, dead; and 1, unevaluated. Of 
the 19 tension state cases: 14, good re.sults; 1, fair; 2, poor; 2, dead. Of the 12 
patients with schizophrenia there were: 5, good; 4, fair; 2, poor results, and 1, un- 
cvaluated. A few cases of psychoneuroses (anxiety state or hysteria), alcoholism, 
and of unclassified psychoses were operated upon with good results reported for 
the psyclioneuroses. 

The book makes interesting reading and the theories and speculations it presents 
are highly stimulating. Most plausible is the general concept that the thalamus repre- 
sents the emotions and the cortex the ideas and plans. Cutting the connections of 
the cortex and thalamus thus separates worry from thinking, but unfortunately also 
separates drive from planning, concern with good manners from social behavior. 

Two important questions are left unanswered. First, just what anatomic struc- 
tures are destroyed in the operation? The fact that the part of the brain cut is not 
seen by the operator and the fortunately small number of deaths account for this. 
Serial sections of the brain at a later date will clarify this point. Second, is the 
operation of benefit to patients? The evaluation of therapeutic results in psychiatric 
disease is a difficult one. A systematic presentation of protocols of all cases op- 
erated would have been valuable in assisting the reader in evaluating the therapeutic 
possibilities of the operation. Space for this presentation might have been obtained 
by judicious omission of some of the theorizing about the causes of the illnesses, since 
the illnesses described are all diseases of unknown etiology. Whether or not the 
disability occasioned by the operation will in time outweigh the loss of symp- 
tomatology, the future will decide. Whether the operation or the passage of time 
occasioned improvement is also a major problem to be answered. Even without any 
treatment the prognosis in patients with involutional melancholia featured by much 
anxiety and tension is good, according to some observers. If this be true, the prob- 
lem of therapeutic evaluation here is exceedingly difficult. 

On the whole the book is well worth reading by those interested in psychiatry, 
cerebral function, and experimental surgery on the human brain. 
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femoral vein had lieen obliterated by the phlebitic process. However, 
clinical tests have made ns certain, in nearly all cases we have observed, 
that the femoral vein is patent. Absolute permanent obliteration of the 
femoral vein must be extremely rai'e. 




FiK 1. — P W. normal phlohofrram. Note the femoral vein iF.V.) In which valves 
can frequontb bo soen, the pophteal vein (P.), and numerous branches In the lo^^er 
lefr, of ^^hlch the most Important aie the anterior tlblal (A 7\), po‘5torior tiblal 
(P.T,), and peroneal tPe). 


It apiK'ivvs, therefore, that preferential return of the diodrast by way 
of the loim sai)lienons vein, if the patient has had previous deep phlebitis, 
may lead to an erroneous imin-ession concerniii!' the i)alency of the fem- 
oral vein To obviate that objection, the next melliod was employed. 
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parts of tlic venous system of the extremity. We have used several 
different methods, varying in so far as the site and metliod of injection 
are conceimed. The details of the I’adiograph and of the medium em-. 
ployed liave been the same in all instances. The methods are as follovs : 

1. In the early cases Bauer ’s technique Avas used as a routine method. 
After novocain infiltration, a 2 cm. incision at right angles to the 
Achilles tendon, just behind the external malleolus, is made. The ter- 
minal branch of the short saphenous Amin is isolated in the subcutaneous 
tissue. A No. 18 ball-pointed needle, inserted proximally, is tied into 
the A'ein. The patient is then placed flat on his back AA'ith the heel 
elcAmted on a four-inch block. The leg is internally rotated ten to fifteen 
degrees to secure the Avidest gap betAveen the tibia and fibula AAdien the 
picture is taken. Tavo large x-ray casettes are placed in tandem be- 
neath the leg. The loAA’er should extend a short distance above the knee, 
since a short blank space Avill appear betAveen the tAvo casettes, and 
should not include this important area. The focal length of the tube 
must be about six feet, since the entire leg must be included in the 
field. TAventy-five cubic centimeters of diodrast are then injected at a 
steady rate, so that exactly sixty seconds are consumed. At this time, 
just at the conclusion of the injection, using soft-tissue technique, the 
x-ray exposure is taken. A normal phlebogram obtained in this manner 
is shoAvn in Fig. 1. 

The advantages of Bauer’s technique are that the same vein is used 
in all instances so that all phlebograms are comparable in that respect. 
Occasionally it is difficult to isolate the terminal branch of the short 
saphenous vein and requires a minor operative procedure. A more im- 
portant criticism is that the deep venous system may not be delineated 
accurately. An interesting case brought this to our attention. 

E. "W. (It. G. H. No. 20S22T), a G2-year-old female, entered the hospital because 
of A^aricose veins. She gave a history of phlebitis on the right (twenty-five years 
previously), followed by mild chronic swelling, but no ulceration. In order to 
determine the status of her deep venous system, a phlebogram (Fig. 2A) was done 
by the method of Bauer. Apparently there was complete block of the deep veins, 
the diodrast returning entirely by the long saphenous vein. Clinical tests, hoivever, 
indicated that the femoral vein was not occluded and the long saphenous vein was 
incompetent. Accordingly, the saphenous vein was ligated at the sapheno-femoral 
'unction. A day thereafter, a repeat phlebogram (Fig. 2B) showed that the deep 
^ stem was patent. Irregular filling of the femoral vein indicated that the 

vltaTarbeen recanalizod after the previous attack of phlebitis. 

Thus absence of filling of a deep vein may be due to the preferential 
’ot dye by another route. The patients Avho liave a long history 
re lum and have detmloped long saphenous A'aricosities 

“Lr^^reLnt a confusing picture. Phlebograms Avill usually sIioav 
oiten p femoral vein AAuth the long saphenous or otlier 

no filling o clearly outlined. Bauer believed tliat this meant tlie 
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pWebogram. This can, however, he almost snrcly detected clinically 
hecanse of the superficial location of the vein. It is important also to 
note that a pressure of as much as 40 mm. of mercury may he necessary 
to occlude some sclerosed, varicose saphenous veins completely, but that 
too great a tension in the cuff may compress the deep as ivell as the 
superficial system. 



3. The injection is made into one of the dorsal veins of the foot, or the 
distal end of tl»e long saphenous vein. Return of blood through the 



166 


SURGKRY 


2. TJic tccliuiqiic is tl)e same as lliat of Bauer, except that a blooc 
pressure cuff M'itii a pressure of 20 mm. of mercury is applied to th( 
lower leg, llie upper level being at the mid-calf. Accordingly, the lone 
saphenous vein is occluded by the tourniquet so that all of the injectec 
diodrasl must flow through the deep femoral .system. 



\\\\ I K 

^ 1^7 a H No. 20S227). picoperative plilebogrom. Deop pliicbitl.o 

Pie. e.v. — E- '' • Bviniisiv incompetent loiif: saplicnou.s vein. Note tlic absence 
twenty-five l'™ ssy^ten). J^iodiast outlines only suporflclal veins and 

?L“saye^ou;“4in in tbe tbi.b. 

, ■ ' ..tUnri means that the presence or absence of tJiromhosis 
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INDICATIONS 


In general phlebograms are valuable (1) in any case of knoivn or 
suspected thrombosis of the veins of the lower leg, or (2) after a pul- 
monary infarct has occurred, unless it unquestionably has arisen from 




HjT. SA.— J. 27fK».W|. PhlcboKrnm takon two hours after onsot of 

•loop phlt-bUis revealoit no ilcnnUc evhlencc of thrombosis. 
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long saphenous vein is prevented by the use of a tourniquet as described 
above. Promi)t filling, primarily of the posterior tibial vein by means 
of numerous perforating ve.ssel.s in the lower leg, is obtained. 

This method, suggested by Linton, ■* is the simplest to employ, and 
has produced radiographs that are as accurate as those produced by the 
more cumbersome procedure. 

All of these methods are subject to certain theoretical objections. In 
the first place, it seems improbable that all the main venous channels 
could be filled by injection of the terminal end of either the long or 
short saphenous vein, despite the presence of numerous communicating 
veins. Also, the venous pattern in the lower leg is not constant enough 
to make it possible to be eeidain that thrombosis is present when only 
a portion of one of the main veins has been thrombosed. Further, if the 
thrombosis has originated in one of the muscular veins of the calf, as the 
studies of Hunter, Sneeden, Robertson, and Snyder^ have shown is the 
most common source, or in the plantar veins, the plilcbogram will not 
become positive until the major venous channels are involved. 

It follows that in certain instances thrombosis of certain veins of the 
lower leg may exist despite an apparently normal phlebogram. The 
clinical diagnosis of thrombosis was made in three of our patients at a 
time when the phlebogram showed noi*mal filling of the main veins. At 
a later date, the occurrence of emboli led to a repetition of the phlebo- 
gram, which was positive in the three cases. 


J. B. (M. G. H. No. 2"()9.39) was a 45-year-oId man wlio had a laminectomy for 
the removal of a ruptured intervertebral disc on April 16, 1941. Ten days after 
operation he had the sudden onset of tenderness in the left calf and over the 
course of his femoral vein to the groin, and a positive Homans’ sign. No edema 
was present. A phlebogram done two hours after onset (Fig. 3A) showed no 
definite abnormality. In view of this finding the patient was heparinized and within 
twenty-four hours his leg symptoms had entirely disappeared. Seven days later, 
after a continued irregular temperature record, he had signs of pulmonary infarcts, 
later confirmed by x-ray. Ee-evaluation of the legs proved them to be again 
entirely negative clinically. However, bilateral phlebograms were done which proved 
the right to be normal, but the left leg now showed the femoral sj'stcm to be 
ccluded (Fig 3B). Femoral exploration confirmed the femoral thrombosis. Some 
free thrombus was removed and the vein ligated. The patient recovered with no 

further difficulty. 


It seems tlierefore, tliat the plilebogram cannot be con.sidered ab.so- 
reliable in so far as the diagnosis of thrombosis is concerned. 
r^V'nlVtbere are many cases in which a leg appears clinically normal, 
^?V+ho nldebom-am will show the pre.scnee of a deep thrombosis. On 
Willie 1 ^ ^ clinical signs indicate that thrombosis Is present, 

the othei lan ’ ^ jndeterminate or negative, the paficnf should 

and if the p i e o ‘ j.oni]josis, and therapy should be delermined on 

be considered to na\e 

that basis. 
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We have expected that certain systemic manifestations might occur 
after the injection of the 50 c.c. of diodrast that are required for the 
production of bilateral phlebograms. Up to the present time, none has 
occurred. It has been suggested that the chemical irritation of a vein 
by the diodrast may be sufficient to initiate venous thrombosis. An- 
other objection raised is that thrombi might be mechanically dislodged 
by the introduction of the diodrast. It is possible that both of these 
objections are valid in rare instances; we have not, however, seen any 
evidence to support them, and are convinced that the practical results 
completely overweigh these theoretical considerations. 

One contraindication to a phlebogram is the presence of sepsis about 
the ankle. Usually some vein in normal tissue can be utilized, but occa- 
sionally none is available. 

APPI.ICATION 

The phlebogram, to be considered of any important value, must fur- 
nish information that is not demonstrable by astute clinical examination. 
Of course it docs jirovide, in addition, a permanent record of the extent 
of the thrombosis that is of importance in the study of any series of 
cases. 

The inaccuracy of clinical examination in any case of tlirombosis is 
notorious, and has been discussed so frequently that it is unnecessary 
to do so again. It has already been pointed out by Pine and Sears® 
that many previous studies of thrombo-embolic problems have been 
entirely misleading since the venous systems involved have not been 
noted accurately. 

Certain groups of cases demonstrate the value of the phlebogram 
most clearly. They will be illustrated by case reports : 

1. The diagnosis of thrombosis is important, even though no specific 
therapy is contemplated. Occasionally a patient in his postoperative 
eour.se will develop fever and elevated pulse. Other possible complica- 
tions may be ruled out, and the diagnosis of thrombophlebitis made by 
a phlebogram. 

F. G. (M. G. H. No. .tOuISl) was a 22-vcar-otd female who was .admitted to the 
liospital for an cloctivo cholecystectomy. Two weeks after operation, just after 
the common duct lube was removed, she began to run a temperature of 102° F. It 
was believed that she was developing a subdiaphragmatic absce.ss. Two d.avs later 
sliglit tcnileniess in the left groin, and a one-inch increase in circumference of the 
thigh suggested tlie possibility of deep pblebitis. Tlic diagnosis was established 
tiy means of a pldehogram (Pig. 4) which showed a block of the femoral vein. 
No fnrther investigations of the subdiaphragmatic area were made and tiic patient 
Was treated conservatively for the jddebitis, Ijecause of lior yontii. Slie recovered 
witiiont incident and left the hosinlal ta'o weeks later. 

2. Pulmonary infarcts have ocenwed, vvUli no evidence of tlie source. 
Phlebogritms of tlic legs may show the .source of tlie emboli, and ligation 
of Ihc femoral vein will ve.sull in cure. 
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elsewliere than the leg. Because thrombosis is so frequently l)ilateral, 
many patients will require bilateral procedures. Tlie two plilebograms 



after the other witliout risk. The existence of a snper- 
inay be taken one < ^p^gtitutc-s a special indication for a phlebo- 
ficial thrombopi e sy.stem will l)c found to occur quite 

gram, since . ^.p], thrombosis of the saphenous vein, 

commonly in conpmctioi 
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culture for pneumococcus obtained. Two weeks after admission an x-ray showed 
an area of consolidation iii the right lower lobe, and five days later, a process 
lateral to the hilum on the left, which was interpreted as a pulmonary infarct. 
Shortly thereafter, his status improved and he was allowed out of bed. He then, 
for the first time, complained of a little pain over the left calf and measurements 
showed three-fourths of an inch swelling on the left, with negative Homans’ sign. 
Since, no previous observations had been made of the circumference of his legs, 
it was uncertain whether or not this finding was of consequence. On the other 
hand, his phlebograms were striking for they showed filling along the course of a 
clot in the femoral vein, the head of wliich was just above the mid-thigh (Fig. 5). 
Exploration of the femoral Tein was carried out at tliis level and a clot was found 
incompletely fixed to the vein wall. Following this he recovered rapidly and was 
discharged. 

3. An acute superficial thrombophlebitis is present. A phlebogram 
of the involved extremity is indicated. Frequently an associated, wide- 
spread thrombosis of the deep venous system trill be found. 

J. L. (JI. G. H. Xo. 289805), a 63-year-old man, had a two-stage resection of 
the rectum for carcinoma. Xine days following the second stage, he developed an 
area of swelling and redness over the course of the left long saphenous vein in the 
region of the knee. Homaus’ sign was negative and measurements of the legs were 
equal except below the knee at the level of the localized obvious sweUing. Here 
the leg was one inch larger. During the next twenty-four hours the superficial 
phlebitis progressed to above the knee, though the swelling remained localized. TVe 
had discussed the use of phlebography prior to this case and although all the evi- 
dence pointed to a superficial process, we made our first phlebogram on this man 
(Fig. 6). Much to our surprise, there was occlusion of the entire deep venous 
system. Femoral exploration proved the presence of a large, soft thrombus which 
extended above the sapheno-femoTai iunction. This was removed and the vein 
ligated. Bccoverj’ was uneventful. 

4. The presence of a deep thrombosis is suspected and immediate 
therapy is contemplated. The early detection of thrombosis is essential 
if treatment is to be instituted before emboli have occurred. Henee, 
phlebogi'ams are performed as emergency procedures day or night on the 
slightest indication. ^lany different types of pictures are obtained. 
The most common are as follows : 

(a) JIassive thrombosis of all main deep venous channels. In the 
usual case, practically no veins arc visible on the x-ray plate. All the 
diodrast that is injected fills a constricted saphenous vein, and the deep 
veins arc not visible at all. This was the most common picture obtained 
early in the study when phlebogi-iims were often delayed many hours 
for various considerations; it is a later stage of thrombosis. Exploration 
of the femoral vein will usually reveal recently formed thrombus in the 
common femoral and external iliac veins. The thrombus must be re- 
moved by the Trendelenburg suction device before ligation of the vein. 

.T. 0. (M. G. H. Xo. ,q;!G8ri2) was a 6fi-ycar-ol(l man wlio luul a sponlanoous onset 
of throbbing pain in his right, in.step anil sole of his foot eight days before entrv. 
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T. K. (M. U. II. Ho. 235921) was a SS-yeai'-oM man with long-standing' rheumatic 
lieart disease and fibrillation, rvho was admitted to the medical service rrdth a diag- 
nosis of bronchopneumonia. He had had “gilppe” one week previously and had 



, three days prior to atlmis.sion. The x-ray showed 

ied blood-streaked spi^ i^pucUy thought to be consistent with lobar pneumonia, 
loorlv defined area o ' „rsc was irregular but at no time wms a positive 

-ing tiie next four weeks 
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large clot ivitli a free-l}-ing tip -a-as extracted from tlie proximal end of the vein. 
The common femoral vein -was divided and ligated. The patient recovered without 
complication and left the hospital ten days later. 



FIk. <5. — J. L*. (M. H. Xo. Acuto siipcrflcial and deep thrombophlebitis. 

Xote the almost cumphde lack of lllUnij of \ein.s and the total absence of the normal 
pattern. 

(1)) Thrombosis of tlic veins of the calf. One or all of these vessels 
may he thrombosed. If all are thrombosed, interpretation is easy, but if 
only one vein is i\ot iillcd, the radiographie interpretation is likely to 
vary witii diflerent observers. A phlehogram of the opposite leg is 
especiidly valuable as a control in this gronji of cases. 
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Shortly thereafter, slight swelling developed in his foot and his podiatrist recom- 
mended new shoes. In spite of this, pain and swelling persisted, and he then 
consulted his physician, who ordered rest and hot water bottles to the leg. Since 



t lie na.s admitted to the lio‘-pila1. N'o teiideriicKS was 
there was no improvemen , ‘ trunk-. A i.hlel.ognun (Fig. 7) retealcd 

elicited along the Eupcrfici. conHrn.cd by femoral e-xploration. A 

typical deep venous occ. - 
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ligated and found to be patent. Tbe patient later survived resection of the colon 
and duodenum, leaving the liospital eight -neeks after his vein ligation, ^Yith no 
other thrombo-emboUe compUcation. 



Kip. ^ — T I (M. G. H. Xo. .‘nO^irtS) Earl> deep phlebitis of the lower leg’. No 
niUng of the posterior tiWal vein. The upper femoral vein was not vlsuallzca bc- 
c iu«e of an tnsurtlciout amount of diodrast. 


In this group, the thrombosis lias been recognized at an early .stage. 
The superficial femoral vein may he ligated and the patient may be 
allowed out of bed at once with no fear of embolism. 

(e) The popliteal and lower femoral veins are jrartially thrombosed. 
This is a stage intermediate between (b) and (a). Occasionally a loose 
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T. I. (M. G. II. No. .IlOfioS), a 47-year-ol(l Polish woman, entered the hospital 
on Sept. 9, 1941 with an appendiceal abscess. On conservative management slie 
improved steadily and became essentiallj’^ afebiile by her fifteenth hospital day. 
She was then allowed out of bed for the next three days, but her temperature grad- 
ually rose to 100° P. Duiing the afternoon of the third day, slie complained of 



, t,nu 9 itoiv pain m her left cliest. Tlic cliest -v ray was negative for infarct. 
^ " • ninminfr the patient complained of pain loi\ m the left calf. Exam- 

The fol ouing „„inocalized area of tenderness over tlie Achilles tendon, but no 
,„,tion over this level felt thicUened. A phlebogram 

T'"’? Voued obstruction of the posterior t.bml vein. This patient refused 
L?;pera«ve procedure and was discharged shortly. 

Ti Vo 329334), a 59 year-old male, had a two-stage resection of 
fho hepatic fl^exiire, complicated by a duodeno colic fistula. Ten dnj^ 
carcinoma of to 1 -igypiopcd fever, slight right calf tenderness, and two-incli 
after his first stage, le ( femoral vein was explored after the phlcbo- 

swelling of the right ' -lenous occlusion and a large, soft thrombus was 

. gram demonstrated compict „,o<lernte swelling on the left side. Hero the 

removed. Tl'e foHo"’'"K , patency, but block of the deep channels below 

phlebogram demonstrated The left superficial femoral vein wn« imme/lintely 

the mid-poplitealle'cl (F.g- • ^ 
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oral vein ivill be observed. If a long sapbenovis phlebitis is present, 
this indicates that the thrombosis has extended by way of the com- 
municating veins from the saphenous to the femoral A'ein. Such patients 
are especially prone to repeated attacks of small pulmonary emboli. 



10. — H (M it H. Xo. Cnni) M mile HUinj; sho'Mii)? the «Hcwlra‘5t c^capini: 
viloiiK an Incompletely l\xe<l thrc»mbUi' In the upper fMiioril \oin 

Very rarely the i)hlcbogi-am of the loner leg and popliteal veins may 
appear normal, with a large, looselx -aflaelied thrombus in the femoral 
vein. This is an important type, trom a theoietieal point of view, since it 
proves that massive thrombosis of the erural veins docs not alwavs pre- 
cede thrombosis of the femoral vein. These thrombi are floating in a 
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thrombus in tiie femoral vein is actually demonstrated by the diodrast 

mantle filhng. In tins group of cases a loose clot can usually be 
uithdravui from the femoral vein. Embolic phenomena are especially 

common, are apt to be fatal, and can be prevented only by ligation of 
tile A'ein. ^ o 



Fig. 9. — P- B. (M. G. H. No. ,"20331). Aciitc ileep thiomboplilebitls conllncil to 
the veins of the lower leg. Diodrast is scon m only tlic supernclal veins and iij)i)ei- 
most portion of the cnir.il veins. 


I/. H. (M. G. H. No. 243171), a 39-yc.nr-oI<l male, developed tendernes.s nnd pain 
in ids left calf thico days after drainaRC of a luiiR abscess, 'piie calf na.s moder- 
ately swollen. Ills plilebogram (Uig. 10) slioned incomplete block of flio popliteal 
and femoral veins and demonstrated flic escape of (lie diodrast along tlie periplicry 
of an ecl-like tlirombus. Immediate exploration yielded a huge, soft clot lying 
free in the common fcnioial, the head of which nas recovered from the c.vfernal 
'line bt' introducing the Trcndciciiberg suction tip. The eomnion femoral and 
^ veins were ligated nnd divided. Recovery nas nncventfiil. Four months 
HteV^in the outpatient department, no swelling of the leg wn-s demonstrated. 

rd) Oecasionallv, the entire fcmorocrural system will not he foiiiid to 
be thrombosed, but mural thrombi involving only a porfiot. of the fern- 
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and her fever lessened. After Treing up again for two days slie had a return of the 
chest pain with fever to 100.6° F. Chest x-ray showed multiple small areas of pul- 
monary infarction over hoth lower lung fields. For the first time her left calf and 
ankle measurements were one-half to three-fourths of an inch greater than the right. 
No areas of tenderness were elicited, but the patient complained of a mild ache 
in the calf. Bilateral phlebograms were made showing normal filling on the riglit. 
In the upper femoral region on the left was a large mural thrombus (Fig. 11). Im- 
mediate femoral exploration confirmed this finding and a large, soft clot was 
aspirated from the distal segment of the femoral vein. The patient ’s course was 
subsequently uneventful. 

THER.APY 

The therapy of venous thrombosis will be considered only briefly. 
In our clinic we have attempted to evaluate venous ligations, chiefly 
because our incidence of emboli has been high. Thus, our control group 
showed one infarct out of every three eases of deep phlebitis, while the 
death rate of thrombo-phlebitis in patients over the age of 50 was 
nearly 8 per cent because of massive infarcts alone.' The mechanical 
prevention of emboli by actual ligation was, therefore, especially appeal- 
ing. 

We have now ligated eighty -two femoral veins for deep venous throm- 
bosis. Ligation is done in any case if the patient is 40 years of age or 
over, or if he is under 40 and has a bland thrombosis or has had a 
pulmonary infarct. Of the patients in the ligated group, the average 
age was 56. According to our control figures we should have expected 
that about twenty-five patients would have had further pulmonary in- 
farcts, while six would have been fatal in this group if conservative 
therapy liad been employed. However, after ligation we observed only 
two infarcts, one of which could not be confirmed by x-ray, and neither 
one of which was fatal. Bilateral ligations have been done nine times. 

The site of ligation is very important and may be determined by the 
phlebogram. The vein should be ligated below a large braneli in order 
to avoid a long static column of blood with potential thrombosis and 
fatal embolism. This means that ligation of the popliteal vein should 
not be done. Ligatures may be placed on the superficial femoral, common 
femoral, or iliac vessels. Since most of the.se operations are done in very 
ill patients, we have tended to make the procedure as simple as possible 
and have avoided the extra dissection rer|uired for iliac ligation, pre- 
ferring to use suction to withdraw thrombi from higher levels. Prac- 
tically, then, the decision must be made as to whether to ligate the 
femoral vein below the profunda branch, above the saphenous .iunetion, 
or at some point between. It is advisable to ligate above the thrombosis 
if jiossible. If not, the vein must be opened over the thrombus and the 
clot extracted with a suction appai’atus. 

In certain cases the venous ana.stomosis above and below the site of 
ligation is iioor. This had led in two cases to marked distention of the 
entire venous system of the extremity and to cxtrava.sation of blood into 
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rapidly moving column of blood, and are the most dangerous type of 
all. Immediate ligation is essential to prevent death from a massive 
embolus. 


^ IT TsTrt Mural thronibu*^ seen In the middle and upper 

Fig. 11 .— A. S' me femoral ■\eiii .’^otc deep aystem filling below. 

X ■’04502)j n jli-ye.nr old leiiiale, «!is opeinted upon .fnn. Si, 
A. C. (M. G. I . 0- ^ ontrac'ture of tlie left Iiand. .Slie uaa nlloned to ho out 

1942, for 1* Pupuytren s c The folIoninK ilay her teniporntnre 

of bed for the first ^ Iiour^ later .-lie <Ie»eloped pleuritic inin oier the 
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and her ferer lessened. After being up again for two days she had a retuin of the 
chest pain with fever to 100.6° F. Chest x-ray showed multiple small areas of pul- 
monary infarction over both lower lung fields. For the first time her left calf and 
anhle measurements were one-half to three-fourths of an inch greater than the right. 
Xo areas of tenderness were elicited, but the patient complained of a mild ache 
in the calf. Bilateral phlebograms were made showing normal filling on the right. 
In the upper femoral region on the left was a large mural thrombus (Fig. 11). Im- 
mediate femoral exploration confirmed this finding and a large, soft clot was 
aspirated from the distal segment of the femoral vein. The patient’s course was 
subsequently uneventful. 

THER.\PY 

The therapy of venous thrombosis ivill be considered only briefly. 
In our clinic we have attempted to evaluate venous ligations, chiefly 
because our incidence of emboli has been higli. Thus, our control group 
showed one infarct out of every three eases of deep phlebitis, while the 
death rate of thrombo-phlebitis in patients over the age of 50 was 
nearly 8 per cent because of massive infarcts alone.' The mechanical 
prevention of emboli by actual ligation was, therefore, especially appeal- 
ing. 

We have now ligated eighty -two femoral veins for deep venous throm- 
bosis. Ligation is done in any ease if the patient is 40 years of age or 
over, or if he is under 40 and has a bland thrombosis or has had a 
pulmonary infarct. Of the patients in the ligated group, the average 
age was 56, According to our control figures we should have expected 
that about twenty-five patients would have had further pulmonai’y in- 
farcts, while six would have been fatal in this group if conservative 
therapy had been employed. However, after ligation we ohsex-ved only 
two infarcts, one of which could not he confirmed by x-i-ay, and neither 
one of which was fatal. Bilateral ligations have been done nine times. 

The site of ligation is very important and may be determined by the 
phlebogi-am. The vein should be ligated below a large Ixranelx in order 
to avoid a long static column of blood with potential thrombosis and 
fatal embolism. Tliis moans that ligation of the popliteal vein should 
not he done. Ligatures may he placed on the superficial fomoi’al, common 
femoral, or iliac vessels. Since mo.st of tliese operations arc done in very 
ill patients, wc have tended to make the pi’occdxire as simple as possible 
and have avoided the extra di.sseetion required for iliac ligation, pre- 
ferring to use suction to withdx’aw thi-omhi from higher levels. Prac- 
tically, then, the decision must he made as to whether to ligate the 
femoral vein below the profunda branch, above the saphexxous .innetion, 
or at some point between. It is advisable to ligate above the thrombosis 
if possible. If not, the vein must he opened o%'cr tlic thrombus and the 
clot extracted with a suction apparatus. 

Iix certain eases the venous axxastomosis above and below the site of 
ligation is poor. This had led in two eases to mai'kcd distention of the 
entire venous system of the extremity and to cxtrnva.sation of Wood into 
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2. If the superfieial femoral vela is thrombosed, the common femoral vein is 
explored at the level of the sapheno-femoral junction. Proximal and distal thrombi 
are removed in this order by suction. The femoral and saphenous veins are ligated. 

3. If the saphenous vein is varicose in type, and the superficial femoral vein is 
free of thrombus, the saphenous vein should be ligated at the sapheno-femoral junc- 
tion and the superficial femoral ligated below the profunda femoris. 

B. Type of Ligation. 

1. Ligation in continuity should not be done until the surgeon has assured him- 
self, by actually opening the vein, that no thrombus is present at the site of ligation. 

2. The vein, thereafter, may either be ligated doubly in continuity, or ligated 
doubly and divided. The type of suture material must be noted in the record. 
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the \yound. This very serious complication occurred in both cases when 
the ligature was placed above a patent profunda femoris. We believe 
that if tlie su])erfieial femoral vein had been ligated instead, the 
venous anastomosis would have been aderptate and these catastrophes 
pi evented. Therefore, if the thrombosis in the femoral vein does not 
extend beyond the mouth of the profunda the superficial femoral vein 
is cliosen for the ligation. 

If tlie long saplienous I'ein is not thrombosed or varicose in type and 
it is well delineated by the dye in the phlebogram, it is certain that the 
ligation can be done below the saphenous vein and usually below the 
profunda. On the other liand, if the long saphenous vein is involved 
in the thrombosis, it is necessary to make the incision higher and ligate 
above the sapheno-femoral junction. 

As lias been previously emphasized, it is important to open the vein 
before ligating it, in order to prevent section of a free-lying thrombus 
by the ligature. 

SUMMARY 

The members of the Peripheral Vascular Clinic, under Dr. Lclaiid S. 
hlcKittrick, have summarized the various procedures indicated in this 
group of eases for tiic benefit of tlie resident staff, who prepare the 
phlebograms and perform the majority of the ligations. These con- 
elusions are not presented as final dicta, but as a practical guide in the 
present state of our knowledge. 


THERAl’Y oy THROMRO-EMUOUSM 

Patients in ivliom tlironiljoplilcliitis of veins of the lovci c.xtremity is suspocteJ 
or who have had a imlmonaiy embolus must lunc the following procedures carried 
out. 

] Phlebogiain: A blood-picssuio tourniquet is placed about the niid-calf and ia- 
flate.l to 20 nmi. of nioicuiy. 25 c.c. of diodiast is injectel into a dorsal rein of 
the foot or the distal long saphenous vein. The injection should take one minute; 


exposure 


is taken at the exact conclusion of the injection. 


*2 Alteinate Method; If, because of sepsis or for othei reasons, the.se veins iiir 
not" available, the short saphenous vein may bo isolated aftei novocain infiltiafiou 
behind' the c.vternal malleolus and injection cairicd out in a .similar fa.shion. 

The manner in wliich the phlebogram is taken .should be noted on the reroid. 
e The' circumference of both legs and thigh at vnnou.s mteivals .should l)e ic- 
corded before therapy, and at thrce-d.'iy interrals thereafter. The.se measurcaients 
should bo recorded as: 

lo" above top of patella; lop of patella; ti" belon top of 

patella- 1"" I’clow top of patella; maximum loner leg. 

I .ddition tlie pressure or absence of Ilomnns' sign nml of tenderness in 
u,e e-ilf should be noted. 

It is recommended thnt venous ligation bo done m tl„. follouing manner; 

A. Site. c[irM'rfiei:d femoral vein and the long saplienoiis \ein is not 

1 . If tlicrc is ^ tvi»c, tlu’ is (lono jnst Iiclou tho profiin<ln 

jjivolvecl varico 5 rm. distal to tlic J-ajificno frrnoral junr-tion. 

femoris. This vein is n-mdU 
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In no case, however, has there been such degree of spasm as might 
produce gangrene of the digits, which sometimes happens with throm- 
liosis of the femoral vein where there is an assoeiated spasm of the 
femoral artery.^ A tender cord can be felt on the inner side of the arm 
over the brachial vein, continuing upward to the axillary vein. 

After a period of time ranging from a few days to several weeks, 
the edema subsides and superficial veins and venules appear over the 
arm, anterior chest wall, and axilla. The venous pressure is increased 
and the circulation time prolonged. The veins in the anteeubital re- 
gion do not collapse completely when the arm is held above the heart 
level. Injection of an opaque dye into the Amins about the elboAV region 
reveals neAV collateral formation, dilatation and distension of veins, 
irregular course and distribution of the djm through vessels not nor- 
mally visualized, and evidence of stasis. Photographs taken Avith infra- 
red technique shoAv numerous supeilieial A'eins not normally seen. 

Several theories have been advanced for the development of this 
syndrome. Von Sehrotter’’ Avho first described the entity in 1884, main- 
tained that the stretching of the muscle stretched the axillary vein and 
caused a localized phlebitis resulting in thrombosis. CadenaP belicAmd 
that the respiratory effort that Avas associated Avith strain distended 
the vein and produced a change in the inthnal lining of the vessel 
leading to thrombosis. LoAvenstein” contended that holding the arm 
in the abducted position distended the axillary vein and caused the 
costoeoracoid ligament and subclaA'ius muscle to indent it. This dis- 
tention plus pressure upon the Amin Avas sufficient to produce throm- 
bosis. Gould and Patoy® confirmed these findings, but in addition, 
demonstrated a valve present at the level of the subclavius muscle 
Avhich ruptured folloAving pressure by the muscle on the axillaiy Amin. 
Thus, they advanced as the fundamental cause of the thrombosis. Veal 
and lilcFetridge,' on the other hand, held that the thrombosis Avas due 
to a compression of the vein beloAv the head of the humeinis against 
the subscapularis muscle. These theories Avere advanced to explain 
cases of thrombosis Avith a history of .severe trauma or unusual strain; 
they do not clarify eases of thrombosis appearing during sleep Avhere 
there has been no reported trauma or cases Avhere trauma is slight or 
absent. When thrombosis develops during sleep it is probably eau.sed 
by a prolonged compression of the vein induced by the position of the 
arm, particularly aa-Iiou it is elevated over the head or folded under the 
body. The venous blood floAv becomes obstructed and one of tAvo things 
happens: either the loAvered oxygen content of the blood resulting 
from the obstruction to its thw produces a change in the intimal linin" 
thus forming the basis of the clot, or changes are produced in the eon- 
strietc<l region whereby the intima is damage<l by direct comjiression 
causing thrombosis.* 



THROMBOSIS OF THE AXILLARY VEIN 


Theodore IV\pl,an, M.D., New York, N. Y. 

(From the Peripheral Vascular Disease Clinic, Gouverneur and Bellevue Hospitals, 
Few Tork City, and Vascular Clinic, St. John’s Biverside Hospital, Vonkers) 

T HROIMBOSIS of the axillary vein is not a common condition. It is 
usually associated with indirect trauma in the form of a sprain or 
strain. The symptoms are identical Avith thrombophlebitis of the loAver 
extremities except that local and constitutional signs of an inflamma- 
tory process are absent. Unlike thrombosis in the loAver extremities, 
it does not follow operations. It is not associated Avith debilitating 
conditions nor does it often occur in association Avith cardiac decom- 
pensation. It rarely develops after direct injury to the extremity and 
rarely complicates blood dyscrasias in AA'hich thrombosis are Avont to 
occur. 

The literature on the subject is not abundant. Cases are reported 
occasionally, but no great number by any one observer. Tlie most 
thorough reAUCAV of this condition AAms made b.y Matas, in 1934, Avhile 
reporting a case.^ In his discussion he included diagnosis, pathogenesis, 
and treatment, as Avell as medicolegal aspects. IloAvever, in revieAving 
all cases to date one is impressed Avith the part that trauma plays, 
varying in degrees from slight to severe. A .study of the cases shoAved 
the condition to develop in young healthy individuals and to involve 
the right arm most frequently. When the left arm was involved an 
undue” strain Avas placed upon it. Jlales Avere preponderant in the 
series but the s 3 mdrome Avas also noted in females. It followed such 
diAmrse etforts as those associated Avith grinding a spark plug, stirring 
olothes Avhile Avashing, pulling oneself up by holding on to the head 
fhe bed checking and restraining a horse, swinging at a golf haJJ, 
Stchiim a ’baseball, lifting a heavy pressing iron, lifting a eake of ice, 
rfLuo- a storage battery out of a car, and putting books on a shelf, 
re cases thrombosis developed during sleep without any anfeee- 

may also be gradual. Pain experi- 
The onset folloAved by sAvolling and cyanosis whieh 

enced in the en n ‘ develop after the strain. Because 

may require seA era j.i„ ^he hand may be colder than that of 

of an associated ar i • pj.ipPeral pulses may be of smaller volume. 

the uninvolved side and the p .^ 

for publication, sept. . 
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Blood examination revealed a normal cell count and no blood dyscrasias. The 
blood Wassermann test and chemistry' were normal. Venous pressure in the right 
basilic vein was 130 mm. and in the left 110 mm. 

Eoentgenograms of the chest failed to reveal evidences of aneurysms or intra- 
thoracic masses to account for pressure or interference with the return circulation. 

Injection of 10 c.c. of diodrast into the cephalic vein showed it to be dilated 
and tortuous, and to cross over the head of the humerus, continuing in the same 
pattern over the chest wall. Collaterals were seen in the supraclavicular and 
cervical regions. A collateral from the cephalic vein crossed the humerus below the 
neck to empty into the site of the axillary vein. Tlic axillary vein was not visualized 
and the cephalic vein did not empty into it. A second exposure taken immediately 
after the first revealed the dye to be present in spots in the cephalic vein. The 
tortuous vessels over the thoracic cage as well as the collaterals in the supraclavicular 
and cervical regions were no longer present. 



FIk. 1 (Case 1).— Injection of 10 c.c. of dlodnast into the cephalic vein rcvc.al.s tlic 



tlu' nxlllarj' vein. 


Coninifnt.—Thc roiiort .iust cited is a case of thrombosis of tlie axillary 
vein associated with the occtii>ation of liair cHjipiiifr on hoi-ses in which 
the arm was constantly held in the oulslretched and abducted position. 
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Concei'ning infection as a causative factor one siiouid note tiie ab- 
sence of a temperature rise, both local and general, the absence of the 
usual history of a chill as is found rvitli thrombosis in the lover ex- 
ti’eniities, and absence of other evidences of toxemia as well as the 
presence of a normal blood picture. According to a careful study of 
the literature thei'e are no blood diseases that predispose to axillaiy 
thrombosis. 

The role plajmd by the sympathetic nervous system has been empha- 
sized by Cottalorda^ who belicA'ed that the trauma irritated the sym- 
pathetic plexus, induced vasospasm and terminated in a vascular lesion. 
Associated with the venospasm is a thrombosis of the vein which ap- 
pears clinically as an edema of the arm. Disappearance of the edema 
and correction of the vasomotor imbalance follow the excision of the 
involved venous seg2iient. 

Similarly, Oehsner and DeBakey* find that vasospasm is a greater 
factor in producing the cliuicitl manifestations of thromhophlehitis 
than the thrombus itself. 

Thrombosis of the axillaiy vein should be differentiated from arteiio- 
venous aneurysm. In the former, the oxygen content of the venous 
blood is low, the temperature of the extremity is normal or subnormal, 
arterial pulsations are present and are of normal volume, and a thrill 
and bruit are absent. In the arteriovenous aneurysm the oxygen con- 
tent of blood from a vein of the extremitj' is high, the temperature of 
the extremity is inereased. the arterial pulsations are diminished or 
absent, and a thrill is felt and a bruit heard. 

Following herewith arc reports of three coses of axillary vein throm- 
bosis, one in a female and two in males, who at the time were in good 
health with no discernible bacdcgrouiicl to explain the occurrence e.x- 
cept trauma. 


S.R., female, aged 02 yeara, wlio.se occupation iva.s tliaf of clipper of 

horses’ hair, was admitted to the lio.spitul Oct. 7, lit.'itl, liccau.se of an enlargement 
of the ri'dit arm and distention of the vein.s over the right upper c.rtremity, 
a.xilla and pectoral region. Tliis enlargement and di.stcntion were of twenty-.si.v 
\ ’ duration. Patient could not rcmcmlier any hi.story of acute edema of the 

claimed to have ahv.ay.s been in moderately good health. There was no 
hiSory of cardiac embarrassment or dyspnea. 

1 nlvsical examination revealed a well-built and well-nourished female 
Gener.a^^P^.^-^^ findings that could bear on this condition were present. A mild 

, -nn nf 170/P0 was found. 

hj’pcr ensi xtremitv was larger than the loft and the vein.s over the right 

The right upper e.^^^ (interior chest wail wore dilated, tortuous, and more 
upper extremitj, axi ^ \-ein.s of the rigdit arm collapsed on rdevn- 

numerous than those o ^ There were no evitlenee.s of palmar i.-cheniia 

tion but more slovb * rubor. The brachial, radial, and ulnar arterie.s of 
on elevation nor of dcpcm ^-olunie .and the temperature of both extremities, 

both extremities were O j,g fdt in the axilla, nor wn.s n bruit heard, 

the same. rVo cord or thr. 
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Comparatue measurements ^ere as follows. 

EIGHT 

LtFT 

DIFFEREKCE 

Junction of humerus and shoulder 

28% cm. 

30% cm. 

2 

cm. 

Mid humeral 

28% cm 

30 cm. 

1% 

cm. 

Elbow 

25% cm. 

26 cm. 

% 

cm. 

Mid forearm 

26 cm. 

26% cm 

% 

cm. 

Wrist 

17% cm. 

18 cm 

% 

cm. 

Palm 

20% cm. 

21 cm 

% 

cm. 



f- ^ 



riB 


(CtiHi. 3) Infr i-rcd photoBrai)h\ ro\euIs miincrous superficKl \oins In thp 
iwiUa iinil on the under surface of the upper irm 


Ipon elemtion of both txtromitics nbo\c the licart leeel the teins of the njjht 
upper eMre.nUe colhpsed remlih, whereas those of the left were slow, some not 
eollaps.ni; at all The arterial cireul ition was not impure.!, the os’cillomctric 
reiutiiiK over the left braehi il arterv bciiiK seven, anil over the ncht, nine This 
ililTereme was probablv di,,. to a sj, ism assoeiuteil with the venous thrombosis 
The left hand was colder than the r.Kh, Pirei.lal.on time w„h caleinm gluconate 
was twen.v one seconds as comp .red with a normal of ten to twelve seconds 
Veuious pr. ssure was 1,0 mm of vv„„r as compared with .i norm-il of 00 ,o ,"0mm 
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surgery 


P. B., a white male, aged 23 years, helper on a truck, on June 7, 1939, 
lifted a case of milk weighing sixty pounds from a platform onto a truck. As he 
lifted the case he felt a sudden pain in the left arm. The arm subsequently 
became stiff and swollen. Within four hours the entire left upper extremity 
became so swollen that he had to support it with his right hand. Several days 
ateij as the swelling decreased, he noticed numerous prominent veins over the 
arm. The hand was heavy and discolored. 

Examination Aug. 29, 1939, revealed a well-nourished male in whom all physi- 
cal findings were negative. The laboratory data bore no significant relation to 
the local condition. The veins over the left upper extremity in the axilla and 
over the chest wall were more numerous and dilated than those on the right side. 
The veins in the left antecubital region collapsed more slowly on elevation above 
the heart level than did those on the right. The brachial, radial, and ulnar 
pulsations could be felt and were of good volume. There rvas no bruit or thrill. 
The left hand was slightly colder than the right and the hand grasp, weaker. A 
tender cord was present in the axilla. 

The left arm was larger than the right, the exact comparative measurements 
being as follows: ‘ 


Junction of shoulder and arm 

Mid-arm 

Elbow 

Wrist 


RIGHT 

31 cm. 
27 cm. 
24 a cm. 
16^ cm. 


LEFT 

32 cm. 
28 cm. 
26ii cm. 
18 cm. 


difference 
1 cm. 

1 cm. 

2 cm. 

1% cm. 


Circulation time using 10 per cent calcium gluconate was computed at twenty-five 
seconds in the left arm and ten seconds in the right. The venous pressure in the 
left basilic vein was 210 mm. of water as compared ivith 90 mm. of water in the 
right basilic vein. 

Radiographs of the left shoulder region failed to reveal any evidence of bone 
or joint pathology and radiographs of the thoracic cage revealed no evidence 
of tumor or masses. 

Treatment consisted of the application of an elastic bandage spirally from 
the palm up to the axilla, enabling the patient to resume his duties. 

Re-examination three months later revealed the left upper extremity still 
larger than the right. The veins had not receded in si/e or number. The nin.s's in 
the axilla, previouslj- tender, was no longer tclf. The antecubital veins still 
collapsed sloivly upon elevation. 


Commetii . — ^The case described is one of axillary vein tiironibosis wliieli 
followed a severe and sudden sprain associated with the lifting of n 
Aveight of sixty pounds. 


3 _J. IC., a vhitc male, aged 27 years, employed as !i shipping clerk, on 
in 1939 palled and pushed a silk-measuring machine neighing 250 300 
Marci , ^ sudden shock-like pain in the left arm. About onehnif hour 

pounds. Lecarne swollen and blue. A day later the entire left upper ex- 

later the^^m^^ swollen and hard and a painful mass was felt in the nxilla. 
tremitj leca revealed the left upper extremity enlarged niid 

Examination ' erous superficinl \eins and venules oier the 

of a dusky disco ora axillary regions. The lateral thoracic vein 

left arm, left anterior „iI,ow as well a« those on the dorsum of the left 

was prominent. ' - There "a" no eliibbing of the fingers nnd motion in 

hand were very distcn ei • j ^ord was felt in the left nxilla. 

the joints was unimpaired. A ten 
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circulation established. Following prolonged use, the patient may feel 
a sense of heaviness, fullness, fatigue, or cramps in the extremity. In 
some cases there may he recurrence of the edema following exertion. 
No deaths from embolism have been reported. 


SUMMARY 

1. Three cases of axillary vein thrombosis have been described, one 
in a female in which the right arm was involved and two in males in 
whom the left arm was involved. 

2. The theories as to its formation have been reviewed briefly. 

3. The flndings helpful in diagnosis have been enumerated. 

4. A brief resume of the treatment and prognosis has also been 
included. 
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X-rays of the thoracic cage failed to reveal any evidence of masses or growths 
to account for obstruction. Infra-red photographs showed numerous superficial 
veins over the left arm and in the left axilla. 

Ee-examination June 14, 1939, revealed the left upper extremity still enlarged 
and of a dusky discoloration. There was no restriction in mobility of the joints, 
ihe venous pattern previously described had not changed. The cord in the axilla 
which was tender when first examined was still present, although no longer tender. 
Circulation time was still twenty-one seconds and venous pressure had decreased 
from 410 mm. to 380 mm. of water. 

Subsequent examinations revealed the extremity still enlarged with the veins 
distended. 

Comment . — The above- i.s a case of thrombosis of the axillary vein fol- 
lowing the undue strain of pushing and pulling a 250-300 pound 
machine. 

niAGNO.SIS 

A diagnosis of thrombosis of the axillary vein can be made from (1) 
a historj’~ of trauma which may vary in intensity from slight to severe, 
(2) swelling and enlargement of the extremit.y, (3) prominence of the 
existing veins and appearance of new collateral veins and venules, (4) 
distension and failure of the veins to collapse completely and readily 
when the extremity is elevated above the heai't level, (5) increase in the 
circulation time, (6) increase in the venous pressure, (7) visualization 
by means of the injection of an opaque medium of new collaterals, dila- 
tation and distension of veins, and stasis, (S) increase in the number of 
superficial veins as shown in photographs taken willi infra-red technique. 


TREATMENT 


The traditional treatment for axillary thrombosis in the acute stage 
is rest to the part, elevation, and local application of hot, moist packs. 
When the edema subsides, an Aee bandage extending .spirally from palm 
to shoulder is applied until a new eollatei-al circulation develops. 

On the basis of the part played by the sympatJietic nervous system 
in thrombophlebitis, however, Oehsncr and DcBakey'® advocate the infil- 
tration of novocain or procaine into the corresponding lumbar and eer- 
vicodoi-sal sjunpathetic ganglia. They have used this method with sne- 
eess in cases of thrombophlebitis of the extremities, complete relief from 
lain and disappearance of the edema having followed interrni)tion of 
the sympathetic reflexes. This form of therapy avoids the drastic ap- 
*1 of Cottalorda,' namel.v thrombectomy and excision of the affected 
]).,s the obvious advantages of conservative treatment. 

A^th-ily is resumed gradually with the iwssibility of recurrence kept 
in mind. proon'osis 

• edema and .swelling is variable and .severity of the 

The duration I extent of the new collateral venous 

rcsidml S-mplOT* '>'1’““'' “ 
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man of shyness and of self-effacing modesty he would not wish to have 
either his personality or his achievements discussed, much less praised. 
He must not mind, however, if we say that he was one of the last of that 
group of men in American medicine who gave us our national medical 
character and who brought to it the initiative, honesty, and originality 
of the pioneer and contributed vastly to the collective knowledge of 
today. 

A master surgeon of all time, his interests were manifold but he was 
truly a pioneer in joining to the anatomic and pathologic aspects of 
surgery an interest in the physiologic. In emphasizing this point I will 
attempt to discuss a subject that might well have interested him, since 
it deals with the well-being of the sick, that is, some of the abnormal 
chemical changes encountered in surgical patients. 

A complete review of the historical side of this subject would neces- 
sitate reference to much of the basic work in chemistry and physiology, 
which is clearly impossible, but a few of the landmarks may be men- 
tioned. Sanetorius Sanetorius,^^ the “fii’st famous master of experi- 
mental medicine,” published his Ars de Statica Medicina, in 1614, in 
winch he tells of his observations with the thermometer, pulsilogium, and 
the balance. His aphorisms dealing with insensible pei-spiration are of 
particular interest since the phrase is his. In Aphorism II he states, 
‘‘If a physician who has the care of another’s health is acquainted only 
with the sensible supplies and evacuations and knows nothing of the 
waste that is daily made by insensible peispiration, he will only deceive 
his patient and never euro him.” 

Other men shidicd insensible perspiration, one of the most interesting 
of whom was Dr. John Lining of Charleston, South Carolina, who 
throughout all seasons of the year 1740, carried on obseiwations on him- 
self concerning loss of weight through perspiration. He hoped that these 
studies made in a climate subject to violent changes might throw light on 
‘‘the nature and predisponent causes of epidemic diseases.” 

Jtany studies of insensible perspiration have been made since, par- 
ticularly by Lavoisier, who demarked cutaneous respiration from pul- 
monary respiration up to the definitive inve.stigations of Benedict and 
Root,'* in 1926, that showed that the insensible loss varies with the rate 
of metabolism, 

AYe now know that the maintenance of water and electrolyte content of 
the body is important hut it is intere.sting to read the short communica- 
tion written to the London Aledical (Jazette, in 1831, by Dr. AY. B. 
() 'Shaughne.ssy of Newcastle-on-Tyne about his observations on patient.s 
with cholera.'" In it he stated: 

1. The 1)1(10(1 (Iruwn in llic wor.*-! ca'-rs of tlic cholera is imelmuoed in its 
nnatoinieal or ulnhnlar struct lire. 

a. It 1ms lost n larije proportion of its water, 1,000 part.s of eholeni serum 
having Init the average of .Slio jiarts of water. 

It has lost also a fjreat proportion of its neutral saline ingredients. 



A REVIEAV OF STUDIES ON AA^ATER AND ELECTROLYTE 
BALANCE IN SURGICAL PATIENTS 

Frederick A. Colder, M.D., Ann Arbor, Mich. 

(From the Department of Surgery, University of Michigan) 

T he chief characteristic of medicine in this countiy has ahva.ys been 
originality of thought combined ivith a sturdy independence of 
action. It may have been a fortunate deprivation that there were no 
medical schools here for more than one hundred and fift}" years after the 
first settlements were established. Such medical schools as existed abroad 
were shackled by ropes of convention and bonds of authority while in 
this new eoiintrj’- the sick were treated by men brought up in the ap- 
prentice system where academic fixation was lacking and initiative was 
untrammeled. Only five medical schools had been established before 
1800, designed to supplement the apprentice system of training hut ac- 
complishing it in a formal, sterile manner. By tliis time the great 
migration of population to the west was well under way, to continue 
for more than a century. AA^ith the waves of pioneers went their doctors, 
who worked alone, without opportunity for consultation or formalized 
study. These men were forced to solve the manj'- problems of practice 
through their own ingenuity and originality. 

It was in this environment and because of it that American medicine 
first began to make significant additions to medical progress. SIcDowcll, 
Beaumont, Crawford, Sims, Drake and others made their contributions 
under these circumstances of isolation, with freedom for unorthodox and 
unfettered activity. AA''ith the mass movement of people to tiie AA^est 
came a corresponding expansion of medicine. Literally diundreds of 
medical schools were established, most of them witliout facilities but the 
right to collect fees and to grant diplomas. A majority of the graduates 
of these schools were better than the .sources of tlieir training, and 
medicine improved through tlie impetus of men rather than from that of 
their schools. AA^e are familiar with the sweeping changes that have 
toVpn nUee in medical education in the last generation. Medical schools 
/.VP assumed univei-sity stature and have become centers for the nnturc 
f crenms and of intellectual curiosity. Medicine has now become co- 
ctill fostering individualism. 

operatne v ^ nj^ht to honor one of the last of the group of j)ionecr 
individualists V eoniributions of the frontier physician 

The last of of the idea of cooperative practice in the 

to medicine vast , Edward Starr dudd lived and worked. A 

small Minnesota toini ^Bie.c 

for pub!ic.atlon „r .^rr.llr..I .Scl.,,.1. 

Tstrr Judd lecture, dan. -1. I- 
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this observation being confii’med by Cooke, Eodenbangh, and Whipple, 
in 1916. In 1918, JlcCann described the alkalosis which occurs from 
loss of stomach secretions associated with pyloric obstruction. In 1920, 
IMacCallum and his associates described the fall in plasma chloride con- 
centration after the pylorus was obstructed. They also showed that the 
giving of sodium chloride prevented both the fall in plasma chlorides 
and the rise in the carbon dioxide combining power of the plasma, and 
that the administration of either hydi'oehloric acid or sodium bicarbonate 
prevented neither. Haden and Orr, in a series of important studies on 
the altered chemistry associated with inte.stinal obstruction, emphasized 
that azotemia, hypochloremia and alkalosis are present in high intestinal 
obstruction. They corroborated the findings of Hartwell and Hoguet on 
the beneficial effects of the giving of saline solution and demonstrated 
that many salts of sodium, and of chlorine other than sodium chloride, 
may he ineffective. They showed that water alone does not prevent the 
onset of symptoms and death from high intestinal obstruction as had 
been postulated by Hartwell and Iloguet. ?>Iany investigators in the 
laboratory and the ward have sulxstantiated and continued these studies 
and one can only mention the names of a few for lack of space. Im- 
portant and basic contril)utions have been made by Gamble, Gatch, Hart- 
mann, Peters, Harrow, and many others to put this whole aspect of 
disease upon firm scientific foundations. 

From this accumulated knowledge built up by many investigators 
it has become clear to the clinician that the deprivation of, or loss of, 
water and electrolytes from the body through disease or treatment will 
give rise to untoward symptoms and may he the cause of death. Pliysi- 
cians have long recognized the truth of these observations and fluids of 
many sorts have i)ecn given to .sick patients in many ways. 

Some years ago it was clear to us that in our surgical wards we were 
giving fluids to patients in a move or loss haphazard way and we began 
to study these prol)lcms in a quantitative manner in the hope that we 
might develop facts tlial would en.nblc us to have simpler working rules 
for the aeeuratc replaeement of water and electrolytes when they were 
needed. I proiiose to give a brief summary of the various studies made 
over the pa.st eight years, knowing, however, that many of you arc al- 
ready all too familiar with them. 

The animal life of the ocean that adopted a terrestrial life could not 
free itself from the sea and therefore had to carry the sea with it as 
extracellular fluid. As a eonsciiuenee, it added the tremendous task of 
maintaining the eonstaney of that infinite.simal portion of the ocean that 
it eontaineil within its corporeal limits to the already highly eom])lex task 
of regulating internal environment. This task is more or less sueees.s- 
fully performed by the normal animal with the adajition of varied and 
more or less efiieient physioloirie expedients, ])rineij)ally the skin and 
glomeruli. 
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4. Of tlic free alkali contained in healthy tcruni, not a paiticlc is present 
in some cholera cases, and barely a trace in others. 

5. Urea exists in the cases where suppression of urine has been a marked 
symptom. 

6. All the salts deficient in the blood, especially the alkali or carbonate of 
soda, are present in large quantities in the peculiar white dejected matters. 


He tlien states that cure is seemingly dependent upon two principles: 
“First, to restore the blood to its natural specific growth (i.e. its water 
content) ; second, to restore its deficient saline matters.” He goes on to 
state tliat “tlie first of these caii only be effected by absor])tion, l)y 
iralnbition, or by the injection of aqueous fiuid into the veins. The same 
remarks with sufficiently olivions modifications, api)l.y to the second.” 
He recommends for practical therapy, “in severer cases, copious encmata 
of warm water, bolding the natural salts of the blood in solution. . . . 
When aljsorption is entirely sus]>ended, the autlior recommends the injec- 
tion into the veins of tepid water holding a solution of the normal salts 
of the blood.” These brilliant observations carried on 110 years ago with 
meager facilities and methods show clearly that dehydration and salt 
depletion are serious factors in cholera. 

The German chemist Karl Schmidt confirmed the truth of these state- 
ments and amplified them by improved technical methods. Dr. C. Hilton 
Fagge reported from Guys Hospital, in 1874, “A case of diabetic eoma 
treated with partial success by the injection of a saline solution into tlic 
blood.” The reason for its use was given by him as follows: “What 
suggested to my mind the advisability of injecting a saline solution into 
the blood in this case was the idea tliat coma was due to the drain of 
water from the system, caused by diabetes. I .suppose that the Jiypofhe.sis 
upon which I acted was essentially similar to that which formed the basis 
of the like treatment in the collapse of cholci'a.” But saline solutions 
were little used in therapy until the beginning of the twentieth eonfury. 


The use of salt solutions received its real impetus after the I’cporls 
bv Kon-ers, and Nichols and Andrews in 1909, of its efficacy as tlierapy 
in the'^treatment of cholera during an epidemic of that disca.se in the 
Philippine Islands. The use of saline solution in surgery was slowly 
looted At finst it was usually given as a retention cjieina. Later it 
'^lo^o-ivcn as a rectal drip after the pojnilarization of this method Iiy 
VB^IIurphy. In 1912. Hartwell and lloguct showed that, after entn- 
et , -0011011 of tlic lower duodemim in animals, life could be greatly 
plete 01 subcutaneous administration of normal salt solii- 

prolongc . in excess of the total volume of the urine and 
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this observation being confirmed by Cooke, Rodenbangb, and AYbipple, 
in 1916. In 1918, McCann described tiie alkalosis which occurs from 
loss of stomach secretions associated with pyloric obstruction. In 1920, 
MacCallum and his associates described the fall in plasma chloride con- 
centration after the pylprus was obstructed. They also showed that the 
giving of sodium chloride prevented both the fall in plasma chlorides 
and the rise in the carbon dioxide combining power of the plasma, and 
that the administration of either hydrochloric acid or sodium bicai'bonate 
prevented neither. Haden and Orr, in a series of important studies on 
the altered chemistry associated with intestinal obstruction, emphasized 
that azotemia, hypochloremia and alkalosis are present in high intestinal 
obstruction. They eorroboi'ated the findings of Hartwell and Hoguet on 
the beneficial effects of the giving of saline solution and demonstrated 
that many salts of sodium, and of chlorine other than sodium chloride, 
may be ineffective. They showed that water alone does not prevent the 
onset of symptoms and death from high inte.stinal obstruction as had 
been postulated by Hartwell and Hoguet. i\Iany investigators in the 
laboratory and the ward have sulrstantiated and continued these studies 
and one can only mention the names of a few for lack of space. Im- 
portant and basic contributions have been made by Gamble, Gatch, Hai’t- 
mann, Peters, Harrow, and many others to put this whole a.spect of 
disease upon firm scientific foundations. 

From this accumulated knowledge built up by many investigators 
it has become clear to the clinician that the deprivation of, or loss of, 
water and electrolytes from the body through disease or treatment will 
give rise to untoward symi)toms and may be the cause of death. Physi- 
cians have long recognized the truth of these observations and fluids of 
many sorts have been given to sick patients in many ways. 

Some years ago it was clear to us that in our surgical wards we were 
giving fluids to patients in a more or less haphazard way and we began 
to study these problems in a (puintitative manner in the hope that we 
might develop facts that would enable us to have simpler working rules 
for the accurate replacement of water and electrolytes when they Avere 
needed. I proimse to give a Ijrief summary of the various studies made 
over the past eight years, knowing, however, that many of you are al- 
ready all too familiar with them. 

The aninml life of the ocean that adoj)ted a tcr]*e.strial life could not 
flee itself tiom tlie .sea and therciore had to c/uTv the sea Avitli it a.s 
extracellular fluid. As a eonse«iucnee, it added the tremendous ta.sk of 
maintaining the constancy ol that infinite.simal portion of the ocean that 
it contained within its corporeal limits to the already highly com))lcx ta.sk 
of regulating internai environment. This task is moi'c or le.ss siiccc.ss- 
fully performed l)y the normal animal with the adaption of varied and 
more or less cflicient jiiiysiologie espedio!its, principally the skin and 
glomeruli. 
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4. Of the free alkali contained in healthy serum, not a jiarticle is present 
in some cholera cases, and barely a trace in others. 

5. Urea exists in the cases where .suppression of urine has been a marked 
symptom. 

6. All the salts deficient in the blood, especially the alkali or carbonate of 
soda, are present in large quantities in the peculiar white dejected matters. 


•He then states that cure is seemingly dependent upon two principles: 
“First, to restore the blood to its natural specific groAvth (i.e. its water 
content) ; second, to restore its deficient saline matters.’’ He goes on to 
state that “the first of these can onl .7 he effected b.y absorption, by 
imbibition, or by the injection of aqueous fluid into tlie veins. The same 
remarks with suffieientlj* obvious modifications, apply to the second.” 
He recommends for practical therapy, “in severer cases, coitions eneinata 
of Avarm Avater, holding the natural salts of the blood in solution. . . . 
When absorption is entirely suspended, the author recommends the injec- 
tion into the veins of tepid AA’ater holding a solution of the normal salts 
of the blood. ” These brilliant observations carried on 110 years ago Avith 
meager facilities and methods shoAv clearly that dehydration and salt 
depletion are serious factors in cholera. 

The German chemist Karl Schmidt confirmed tlie truth of these state- 
ments and amplified them bj' improAmd technical methods. Dr. C. Hilton 
Pagge reported from Guys Hospital, in 1874, “A case of diabetic coma 
treated Avith partial success by the injection of a saline solution into tlie 
blood.” The reason for its use aa'os giA'cn by him as foIloAA’s: “What 
suggested to my mind the adA’isability of injecting a saline solution into 
the blood in this case Avas the idea that coma aa’os due to the drain of 
AAmter from the S3'stem, caused bv diabetes. I suppose that the hA'pothesis 
upon Avdiieh I acted AA'as essentiall.v similar to that Avhich formed lliebasi.s 
of the like treatment in the collapse of cholera.” But saline solutions 
Avere little used in therapy until the beginning of the lAventielh century. 


The Aise of salt solutions received its real impetus after the reports 
bv Ko"-ers, and Nichols and AndrcAvs in 1909, of its efficacy as tiicrap.v 
in the'^treatment of cholera during an epidemic of that disease in the 
Philippine Islands. The use of .saline .solution in surgery was sIoAvly 
donted At first it Avas usually given as a retention enema. Later it 
mvOT as a rectal drip after the popularization of this methofl by 
T R'^Murnhv. In 1912, HartAvcll and Iloguet showed that, after eom- 
'^i 7' „A.ctvnciion of the loAVcr duodenum in animals, life could he greatly 
7 bv the dailv suheutaneous administration of normal .salt .solii- 
prolongc . climnlv in excc.ss of the total volume of the urine and 
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creases f' allowance, therefore, should be approximately made. 
Prom direct determinations on surgical patients it was concluded that 
the insensible loss could usually be covered by 1,000 c.c. in small inactive 
individuals and by 1,500 c.c. in the larger or more active.® The water 
necessary to excrete tlie average amount of waste formed in the bod.v 
daily (35 6m.) amounts to about 500 c.c. of water with the normal kid- 
ney concentrating near capacity (specific gravity, 1.030).^® The in- 
sufficient kidney requires more water to excrete 35 6m. of waste, there- 
fore, to have an adequate margin of safety requires that 1,000 c.c. be 
considered the minimum urine excretion in the surgical patient.® The 
water lost normally in the stool is small, 100 c.c. daily ; that lost by sweat- 
ing varies with the season, the temperature of the operating room, the 
extent of draping, and the type of covering of the individual before full 
reaction from the anesthesia ■ has occurred. During the hot, humid 
weather of a ^Michigan summer, without air conditioning either in the 
ward or operating room, as much as 4,000 e.e. of sweat was lost in a 
single twenty-four-hour period by a patient quietly lying in bed.®® It 
was concluded, therefore, that an uncomplicated surgical case, not 
perspiring, requires from 2,000 to 2,500 c.c. of water daily. Due allow- 
ance must be made from the increased requirements incident to fever, 
hyperthyroidism, and sweating. In general, under these conditions 3,000 
to 3,500 c.c. are required.® 

• Beside the water needed to keep the body water within normal limits 
of composition and amount, provision must be made for the replacement 
of the salts lost. In contrast with the relatively large amounts of water 
that must be excreted daily, the body is capable of conserving certain 
electrolytes when the intake is insufficient so that a normal nonsweating 
person will excrete only traces of chloride in the urine®- ®® (0.1 6m. 
per twenty-four hovxrs ) ® when there is no excess intake. The administra- 
tion of 5 6m. of salt therefore provides more than adequately for normal 
needs.® The concentration of salt in sweat varies widely in different in- 
dividuals and in the same person with season, state of training, amount 
of sweat, and possibly with the blood chloride level.® It is, therefore, im- 
possible to approximate, without elaborate studies, the salt lost through 
sweating. It is suggested that during the hot luimid days of summer 
a minimum of 10 (Jm. of salt be provided daily either orally or paren- 
terally. If this amount is in exce.s.s of that needed the kidney will excrete 
it. The abnormal losses of water and electrolytes through fistulas, 
Wangcuslceu drainage, bile drainage, vomiting, and diarrhea are readily 
balanced by the iiarenteral replacement with an equal volume of normal 
saline or Ringer's solution.”’ 

The problem of correcting the dehydration and electrolyte imbalance 
that is frequently present when the jjatient fii-st consults a physician is 
not ns simj)le as is the prevention of dchydratioji and electrolyte im- 
balance during hospitalization. .Simple dehydration (water dej)rivafion 
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TJie Juimaii being in the light of comparative physiologic knowledge 
is in some ways inferior to many of the so-called lower forms of life. 
Especially is this true in his relative lack of safeguai’ds for the main- 
tenance of the constancy of body fluids under adverse environmental 
conditions. For instance, during hot weather, man regulates his body 
temperature by excreting as sweat, a dilute salt solution, yet he experi- 
ences no salt hunger even though the loss of salt may cause his death. 
However, the dog, the ass, and the ox under like circumstances are spared 
a similar fate; the dog and the ass® because they do not lose salt in 
significant quantities with the water vaporized, the ox because, although 
he sweats a weak salt solution, develops salt hunger as the sodium 
chloride of the body is depleted and will therefore make a supreme effort 
to get the needed salt. The physiologist knowing onlj"^ the working of the 
heat regulating mechanisms of the ass could die of salt depletion from 
sweating, drinking water and swearing until the end that he could not 
be dying of lack of salt because the amount of salt lost in sweat was 
insignificant ; and he who knew only the ph 3 ^siology of the ox would die 
with the salt before him -svhile he awaited the sensation of salt hunger 
to urge him to take it. It is therefore obvious that the ultimate basis 
for the establishment of practical principles for regulating the salt 
and fluid balance of an ill man must come from experimental work done 
on man. Furthermore, it would be likewise hazardous to set up those 
principles upon the basis of knowledge gained from acute experiments on 
normal man because tlie, basic fluid and salt requirements are affected, 
for imstanee, b.y the metabolic rate,®’ the blood and lymph loss during 
the operation, the rate of loss in exudates, and through the enteric, 
biliaiy, pancreatic, and Ijnnphatic fistulae. Therefore, it 'was realized 
that although a great mass of knowledge concerning salt and water 
metabolism was available it could not be intelligent!}’ emploj’ed in 
surgery until the specific requirements of man suffering the varied ills 
that are treated surgieall.v were known. It has been largel.v toward 
that end that the major part of the work done on water and salt balance 
at the University of Michigan has been directed. 


It was realized Avhen the problem was first undertaken that a basic 
approach to the problem required that the water needs of the surgical 
atient be known; that ncec.ssitated the establishment of the amounts of 
mter and salt required by the relatively normal individual under the 
‘ (jitions to which a patient would be subjected during and after a 
^^'^■o’ical procedure. The factors that had to be taken into account were 
siugica ^vater, the water necessary to o.xcrcle body wastes 
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Simple water defieiency and simple electrolyte deficiency although 
seen as separate entities are very commonly combined.’^ It is obvious 
from the preceding discussion that a fairly objective clinical approach 
to the correction of both conditions when in combination may be pro- 
vided without recourse to laboratorj' determinations. This is of im- 
portance to the general practitioner who does not have ready access 
to a clinical laboratory and it will become more important in the larger 
clinics as tlie labor and monetary shortage imposed by war become more 
acute. 

Since thirst indicates the lack of water in both extracellular and 
cellular compartments (simple dehydration), its alleviation first with 
glucose solution (5 to 10 per eent)^“ will correct the simple dehydration. 
►Subsequently, normal saline or Ringer’s solution, to which glucose may 
be added, should be continued at the rate of 200 to 300 c.c. per hour until 
the signs and symptoms of shock are alleviated. That is, the blood pres- 
sure rise and the pulse rate fall reach a plateau, the extremities become 
warm, the superficial veins fill at approximately the normal rate when 
occluded, and weakness and apathy diminish in intensity. It is obvious 
that should the serum proteins be low, complete restoration of blood 
volume to normal with saline solution should not be expected. In prac- 
tice, therefore, after 3,000 to 4,000 c.c. of saline solution have been given, 
hemoglobin and red cell determinations should be made. Should the 
hemoglobin be below 70 or the red blood cell count be below 3,000,000 it 
is likely tliat the serum proteins are low, especially if malnutrition is 
present or blood loss has occurred. In such a case maximum improve- 
ment cannot be expected until blood or plasma has been given in addition 
to the salt solution. After the initial correction of the dehydration and 
electrolyte imbalance the principles of volume-for-volume I’eplaccment 
plus 5 Gm. of extra salt daily to promde a slight excess, and the main- 
tenance of a urine volume above 1,000 c.c. will generally seiwe as ade- 
quate guides for subsequent management. 

It must be realized that the administration of salt in amounts in excess 
of those actually reejuired is not without danger, especially in sick in- 
dividuals. The retention of salt and water results ultimately in edema 
when the amount of excess salt is lass tlian that whicli results in 
significant retention in the normal individual.’- ''' The dangers 

of edema developing in a sick surgical patient have been well shown. It 
is. therefore, highly desirable, e.spccially in the very ill patient, to provide 
water and salt in amoiuits as near the physiologic needs of the individual 
as possible if we do not wish to act as a drag on nature in her attempts 
to heal. 

iir.rr.RnNri-s 

1. Bainl. M. M.. (inil HriMaiic, .1. H. s.: .1. I’lo^iol. 5G: C.')!!. l.n^r. 

2. UctuMtict, r. <!.; Uivnicaii' tii-t. Wiwli. Year Umik 203: 2C.S. lii).'). 

a. lyneaict, K. (5., anil Rout. H. K.; .\rr!i, Iiit. Me.I. 38: I, laCG. 

1. ('oiler, r. uiul .Maililoek. W. O.: Ann. Btira 98: llct.'l. 
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Avithout electrolyte loss) such as occurs Avith obstruction of the esophagus 
and is manifested by thirst, dry mucous membranes, and oliguria is A'cry 
easity correctable AAuth glucose solution. Salt solution, if giA'en, Avill not 
allay the tbii’st. The situation and consequences are somcAAliat analogous 
to the thirsty shipAvrecked mariner giA^en sea AA^ater to drink. The allay- 
ing of thirst and the raising of the tAventy-four-hour urine A'olume aboA'e 
1,000 c.c. serve as indications that enough glucose solution has been given 
to a person suffering simple dehydration. ■ - 

The patient suffering from electrolyte deficiency (diarrhea, fistulas, 
Addison’s disease, profuse SAveating), since he is usually able to satisfy 
his thirst if Avater is available, experiences neither salt hunger nor 
thii’st even though his extracellular fiuid volume (blood A^olume in- 
cluded) be so reduced that he lies in deep shock.”’ Blood examina- 
tion shoAA’s a high hematocrit, and a high serum protein concentration 
provided that a normal red blood cell and protein content Avere present 
before the electrolyte loss. Chloride and sodium are decreased in tlie 
plasma. If the loss of chloride exceeds the loss of base (vomiting, ex- 
clusive of achlorhj^dria) the blood chloride level is more rapidly dimin- 
ished than is the base.” If base loss should balance the chloride loss 
(vomiting Avith achlorhydria), or exceed it (biliary or pancreatic fistula), 
the blood chloride level falls relatiA'ely more sloAvlJ^ In any case, since 
extracellular fluid volume as influenced by its ionic constituents changes 
mainly Avith alterations in its total base content,®® it is obvious that the 
blood chloride leA^el is not sufficient to cA’aluate the severity or the cause 
of the deh}^dration in the A’arious gastrointestinal pathologic states. 
HoAvever, as Peters and Van Slyke®® haA:e stated, the determination of 
the HCO3 of the blood together Avith the determination of chloride Avould 
provide a basis for estimating the concentration of base and, as a con- 
sequence, a more ohjectiA’c detemination of the scA’erit.v of the dehydra- 
tion. It is presumed tliat herein lies the explanation for the occasional 
difficulty that Ave have experienced Avith electrol.vtc and Avater replace- 
ment AA-hen it is uniA’ersally attempted upon tlic basis of blood chloride 

level alone.®" 


Neither do the hematocrit or the serum protein levels serve as an 
adequate measvxre of extracellular fluid volume replacement as they are 
too variable, especially in the pathologic states AvilJi AvJiich electrolyte 
imbalance occurs. Consequently, in cases characterized by a jxrimnry 
lpr.trolvte deficiency that .show tlie signs and .suffer the .symptoms ot 
^ V ns a consequehee-of the dccrca.scd blood volume, tlic alleviation 
f ^ ' toms and disappearance of the signs of shock, and the main- 

of 1 tisfactory urine- vohimo eonslituic an a(lo(|uale basis for 

tenance 0 a sa ^ elect rolyle and water rcplaccm(*nt without 

judging determination of blood chloride and bicarbonate 

recourse to laxoi.i tl,af Avork iioav in jirogrc.ss in many Jabora- 
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A MODIFIED WHIPPLE OPERATION FOR CARCINOMA 
OF THE HEAD OP THE PANCREAS* 

Cl.AREXCE Dexxis, M.D., Mixxeafolis, Mixx. 

(From the Deimriment of Surgery, University of Minnesota Hospitals) 

S INCE the demonstration by ’Whipple, Parsons, and JIullins, in 1935, 
that ligation of the pancreatic duct could usually be tolerated in the 
course of partial pancreatectomy for carcinoma of the ampulla of Vater 
in man, renewed interest has been aroused in radical surgical approaches 
to the pancreas. This trend was strengthened by Whipple’s report, in 
1938, of successful extirpation of carcinoma of the head of the pancreas. 
Prior to 1941, procedures designed for extirpation of such lesions were 
in general performed in two stages. One such procedure was success- 
fully carried out by Dr. John R. Paine at this clinic. The patient 
.survived for three months after the second stage operation and died else- 
where of unknown cause, an autopsy not being obtained. 

With the advent of vitamin K and more adecpiate use of blood and 
plasma trausfusion.s, however, the trend is now toward a one-stage 
operation. In November, 1941, Trimble, Par.sons, and Sherman reported 
a successful one-stage procedure, the technique being essentially the 
same ns that now in use by Whipple. In this procedure, partial 
gastrectomy with an anterior Polya gasti'o.je.iunostomy was performed, 
the common bile duct being implanted into the jejunum just distal to the 
gastric stoma. 

Upon review of the pertinent literature, several considerations become 
apparent with regard to the performance of a satisfactory operation. 
The first of these Ls the prevention of ascending cholangitis following 
anastomosis between the l)iliary and intestinal tracts, a complication of 
considerable frequency in the best of hands. Trautmanu, Robbins, and 
.Stewart showed in expeiaincntal studies in dogs that simple .side-to-sidc 
anastomosis of bowel to gall bladder uniformly is followed by passage of 
intestinal content into the biliary tract. Wangensteen concluded that 
even though this occurs, the essential factor in j)rcvonting cholangitis 
and heiiatitis is the prevention of ob.struction at the stoma. Baehraeh 
and I'ogelson confirmed this in the case of eholedoehojcjunostomy. 

Various authors have described proeedure.s intended to prevent reverse 
How into the biliary tract. Kausch dc.seribed a Y procedure somewhat 
similar to the Roux gastrojejunal anastomosis, and othci-s have offered 

•Thl« \\otK hy ii Kr.ini fimii Ui.- ir-rurcli fun.l* tit Vie Gniiluil.' 
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superior mesenteric arterj" and rein ucre identified and followed upuard, and were 
found to pa's len- close to the left lateral margin of tlie tumor. Nevertheless, it 
was possible to cut across the head of the pancreas, sparing the^e vessels. The 
main duct U8>- tied uith silk of five-pound test. The common bile duct uas tied 
riith heavy silk and divided near the duodenum. The posterior capsule of the 
pancreas uas sutured to the anterior with mattre=s sutures of five-pound test silk. 
At this point it became apparent that the circulation to the last part of the duodenum 



uti'! tu the if»U(‘st tlnni of iho wa** an'l both ucro, thfreforc, re 

liip hiu*'* of KTtion *1*0 Mount’ll in the innJfmrtion, and the jejunum 

niiout * ijilu uiMte*. bthm tlu* b;crtm<’nt «f TnU?. The bhidder, \\ha*h had lM‘en 
found ten'-'U di*-tend‘‘d» wa*- emptied uithout bj trofar, the r**niiiinm^ end 

of the jojunniii MU'- lirotieht rotuwolnalh throujih tie* channel formerU O'fujtied b\ 
t!it‘ iiundinum, and an etidlouid chole* v-.iuj* juno-iomi. wa'- [rt’rffjni’ed b\ a rJoH'd 
tt'rhmquc Ktnubir to that of MarlrlofT and Hur;:c|. \uth ime catgut inteniaUj 
and -lU mUiu* ^ steriiidU, n fi\\ onitti" of *.ulfntbri7(>b'’ 1 m tnjr pHced 

iKtni'fii till ron^ of '•uiure*, a lonj; i Kf cm.) proximal loop, and implantinj; 
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nio(lifl(‘iitions, nil, lidwcvor, with short ser'inents separating the hiliarj’ 
niiaslomosis from the main enteric stream. 

A fuilher consideration is the development of the simplest procedure 
j)Ossil)le, one with a minimum of ana.stomoses, etc., a factor demanded 
h.\ the usual ])oor condition of these patients. Finall.v, leakage of 
pancreatic juice into fi.ssues or suture lines must he prevented. (Verne 
C. Hunt has reported succe.ssfnl implantation of the panereas into the 
end ot the jejunum, and T. 0. Orr lias also had two suece.s.sful ca.ses.) 

I have ojierated upon a case by a variant of these procedures which 
seems to overcome the difliculties outlined above. A wide stoma is a.s- 
sured by end-to-end choleeystojejunoslomy; regurgitation into the hiliarj" 
tract is minimized by use of a long jejunal segment separating the biliar.v 
from the gastric anastomosis. There arc but two anastomoses, and 
pancreatic digestion is rendered unlikely by adequate use of drainage. 


oa.sk kkport 


History, — It. V. .T. (U. II. No. 7151S0), ii mini of (34, was ndmitteil on the 
medical service Dee. IS, Ii'41, with a one-year history of vague digestive distress 
and a two-month history of gradually increasing painle.ss jaundice with dark urine 
and acholic stools. He had lost twenty pounds in the preceding three months and 
over tift.v pounds in the preceding two years. The remainder of the history was 
irrelevant, except for a story of dyspnea on exertion. 

Examination revealed nothing outside normal limits except for jaundice and 
emaciation. The laboratory work showed hemoglobin 12 Gni. per 100 c.c. of blood. 
Serum bilirubin was 14.1 mg. per cent. The urine was normal except for bile pig- 
ments. Pulse was 00; blood pre.ssure, 109/65; height, 74 inches; weight, 157 pounds 
clothed. Quantitative e.xamination of the stool for urobilinogen showed passage of 
0.7 mg. daily, indicative of complete biliary obstruction and, therefore, carcinomatous 
obstruction (Watson). 

Ho was given a high vitamin, high protein diet including parenteral vitamin K 


preoperatively. 

Operation . — On Jan. 2, 1942, with a weight of 139 pounds, the patient was trans- 
ferred to the surgical service and taken to the operating room. The operation was 
started under cyclopropane, but the anesthetic was changed to ether and oxygen 
shortly because of the development of auricular fibrillation. Through a long trans- 
-erse incision, one-third of the way from the umbilicus to the xyphoid, the abdomen 
•as opened A vertical extension was made upward in the right rectus muscle later 

in the procedure. 

A small discrete tumor was found in the region of the head of the pancreas. 

1 ced rather high (eephalad) in the head of the pancreas. There was no 
It w’as P‘ ^ tumor within the peritoneal cavity except for three small 

evidence o -p surface of the liver. Inasmuch as these irregularities could not 

irregularities j,g carcinoma, and in any case did not seem to justify 

be definite y co ppgjative procedure, it was decided that radical one-stage resec- 
abandonmeut o a^ pancreas and duodenum should be performed. The lower end 
tion of tbe hea o , , and the pylorus was cut between clamps. The 

the stomach was dissecteu , _ _ _ _ 


stomach nas duodenum was cut down as far as the mesocolon 

lateral avascular igame ^umor attached to the internal margin was rotated 

and the duodenum wi i jjgft down to the uncinate portion of the head of the 
forward. ected free from the third portion of the duodenum. The 


of 
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the lower half of the stomach and of the entiie duodenum. To prevent 
subsequent cholangitis, internal biliary diainage with a wide stoma 
i.s accomplished by end-to-end eholeeysto.ie.]unostomy, and regurgitation 
into the biliaiy system is icndci’cd minimal or absent (as slioun by 
roentgen study) by the use of a long loop between this anastomosis and 
the posterior Polya gastroenterostomy. 

Panel cat ic steatorihca has followed exclusion of pancreatic secretion 
fiom the intestinal tiaet. Becau.se of this occurrence in this case and 
in some eases reported elsewhere, consideration of reimplantion of the 
pancieatic duet into the bowel in such cases is being entertained both 
heie and clsewheie. 

ADDENDUM 

After thif- pjper had I)eon prepared, an additional ca‘-c of carcinoma of the head 
of the pancreas in a niaii of fiT has been subjected to resection of the lc«ion Diffi 
(iilties were eneountered because of \er\ low choledochocs stic junction, winch was 
in\ohed in the lesion, and because of arterial anomalies consisting of absence of 
the ccbai axis and origin of the hepatii, artcrj from the superior nie«cnteric arterj, 
the anomalous hcpatit. arterj trarcrsing the head of the pancreas Considerable 
blood loss oKurred following remoial of the lesion, and largo transfusions were 
neiossirj before sitisfactorj repair had been actomplislied to the anomalous hepatic 
arterj, the portal rein, the sjilcnic \cin, and an anomalous ^cssel springing from 
the left gistrie to the left lobe of the luer The procedure was completed witli 
tholedoiho enterostonij to the dosed end of the jejunum brought through the me«o 
lolon and I’olj i giistroonterostomj after heniigastrcctomj. The patient, however, 
died shortlj postopcritivelj. Autopsj sliowed a dean, drj operative field and 
missive pulmonarv edema, rurther arterial anomalies were abo present. 
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fi f<<!v (rniitin of f.ulfn(liiiiz()lc licfwocn rowH of Mituri's, ;i rctrocolic Polya gastro- 
ji'jimo.Htoiiiy was jii-rroriiifd inia’li a." ilrM-riliod I.y Wangoastccn. It liad been planned 
to do a (/OfToy typo of aiiast(iiao-<i<i balwpoii tlio tail of llio pancreas and the 
jejunum b(dn« the gastrojejuuoxtomy, luil the patient’s eondition was not satisfac- 
tory, iiuiHuuieli as ho had been having fibrillations for sonie time and the blood pres- 
sure had fallen below lilt) uiiii. llg. A eigaretti- drain was brought down to the cut 
end of the jianereas after all large ves--els in the neighborhood and also the ligated 
end of the eommoii duet had been covered with omentum. The end of the rubber 
drain was sutured anteriorly and posteriorly to the eat end of the pancreas in such 
a fashion that any leakage from it would have to e.--eape through the drain, and a 
tunnel of oimmtum was made with catgut sutures to surround the drain to a .stab 
wound jdaeed about (! em. below the midjairtion of the incision, a precaution to 
prevent drainage from reaching the line of closure. Appro.viniately one gram of 
sulfathiazole was [daced in the region of the cut surface of the pancreas. The in- 
cision was closed with interrupted live-pound test silk, with implantation of a few 
more grains of sulfathia/.ole. Tlie patient received 1.51)0 e.c. of blood and dOO c.c. of 
plasma during the seven-hour iirocedure, and left the oiier.ating room in fair condition. 

rostopirativr f’our.sc. — Postoperatively the patient wont into neidosi.s, and the 
blond sugJir rose to S.'U) mg. j)er cent, a result attributed to manipulation of the 
pancreas. The daily administered 20 per cent de.vtro.sc solution (1,000 c.c. dail.v) 
was, therefore, accompanied by 00 units of insulin per liter the first two day.®, follow- 
ing which the insulin requirement rapidly disappeared. Immediately postoperatively 
the patient was digitalized rapidly, but continued to have auricular fibrillation for 
several days. On the third day bile stained fluid drained through the cigarette 
drain, and this jmrsisted for thirteen days, the daily volume diminishing gradually 
from an original 200 c.c., and the bile content also decreasing. A small stitch abscess 
occurred at fourteen days, but healing occurred quickly on drainage. The cigarette 
drain was removed at fourteen days. A trial on pancreatic juice obtained from a 
canine pancreatic fistula prior to dismissal resulted in nausea. He was therefore 
placed on pancreatin* and polyvitamin capsules on dismissal twenty-one days after 
operation. 


Following dismissal tlie patient gained ten pounds in eight weeks, and 
improved in general liealtli and strengtli. On Marcli 28, he had begun 
to lose weight and was oliserved to have bullrj', fatty, foamy, strong 
smelling stools. He also complained of nausea on ingestion of sweet 
foods. ”Por these reasons he was readmitted for stud.v. A gastroin- 
testinal roentgen study .showed rapid emptying of the gastric pouch 
with no regurgitation of tlie contrast medium into the proximal jejunal 
loop There has been no evidence of cliolangitis and no overt evidence 
f recurrence at the present writing, three and one-lialf months post- 
° , jy Preliminary studies indicate absorption of onl.r 65 per 

opera 1 ^^. f^ii.(,iier studies are being performed. The patient 

has cLsed^osing weight at 129 pounds, following institution of a special 

diet-t CONCLUSION 


f- m procedure for carcinoma of the liead of the pancreas 
An opei’U iv encompasses excision, also, of 

has proved successtm 


I LiiUy Company. submitted for publication, this patient returned with 
ter this pape^ inSion- Roentgen therapy lias been employed, but he is 

ground Widl" at this time (June . 


PROBLEHrS WITH DUODENAL STUMP IN GASTRIC 
RESECTIONS 


Ravmomd W. McNealy, M.D., Chicago, III. 

(From Wesley Memorial Hospital and Cook County Hospital) 

P ARTIAL gastric resection has come to be employed frequently in 
the treatment of benign and malignant lesions of the stomach and 
duodenum. After it was shown that gastroenterostomy was followed 
by a considerable number of stomal and jejunal ulcers, many surgeons 
abandoned this procedure and turned to partial gastric resection as 
the operation of choice. 

The operation of resection is a much more formidable procedure than 
gastroenterostomy and the technical difficulties are so many that a 
well-established routine must be dermloped before a surgeon can expect 
to escape many of the hazards of this operation. 

Jlost of the articles which have been published on the subject of 
gastric resection have directed attention to the varied techniques used 
in establishing the anastomosis between the cut end of the stomach and 
jejunum. The importance of proper closure of the duodenal stump in 
the Polya-Reiehel or Hofmeister-Pinsterer type of Billroth 11 partial 
gastrectomy is undoubtedly appreciated by surgeons. Clute' has stated 
that no part of a gastric re.section is more likely to be followed by fatal 
complications if improperly done than the closure of the duodenal 
stump. Yet critical evaluations of this problem and significant contri- 
butions toward improving and strengthening the closure have been 
sparse. 

In this paper we propo.se to discuss certain methods and techniques 
which we have found helpful in the prevention of postoperative enm- 
plienfions arising from the closed blind-ended duodenal stump. 

Complicntioius . — Following ga.slx-ic resection, hcmorrhdfic may occur 
which not uncommonly destroys the life of the patient. This ma.v take 
place within the duodenal lumen from an unrcsectcd ulcer, or into the 
peritoneal cavity from injury to the gastroduodenal artery or its 
i)ranchcs. Another complication may be the development of an oh.scf.s.s* 
line to leakage from the closed duodenal stump. Still another possibilit.v 
is that of (rani: dArapfiou of the closed stump. In the case of abscess 
formation or ilisruption of the .sutured duodenum, there not infrequently 
follows a thiodmal fisiuhi which permits the duodenal contents to pour 
out over the skin of the upper abdomen. The latter complication has a 
very high mortality rate. 

for I'vihUc.ntlon. 
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The presence of the common duct in this region presents an additional 
hazard. In pursuing the attempt to close adequately the duodenal 
stump, several cases have occurred in rvhieh the common duct has been 
completely obstructed (Fig. 1, C). This is a most unfortunate accident, 
as it necessitates extensive surgery and reconstruction for its relief. The 
fact that a mild transient jaundice, due to angulation or temporary 



c 

I'll,-. 1 — I’rolili-ms ami iicoiilt nls romiiion In clo*-tiro of the tliimlenni Rttiinp. 

coiiipr(‘.sMon of tlte common duct, not infre<iucntly appeai-s following a 
gitstric rc.scction and rielits it.sclf after a few diiva. is undoubtedly re- 
sponsililt- for unwarranted tlolay in these east's where the common duet 
is completely obstrueteil by its involvement in tlie duodenal closiirt'. In 
the hope thiit each ease of post<ij>erative icterus may bt* of the lemjmniry 
type, further surgery is not attemptetl tintil the condition has shown no 
tendency to impiwe spontaneously and the patient is deeply jaundiced. 
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I lu’so t'()in))li('ation.s may ha due lo a conibinatioii of various factore 
ill aiij Olio ease, iiut in order to jireseiil llic siil).iocl more clearly and to 
emidiasize the imporlaiiee ol eaeli faclor, the jirohlem will be discussed 
under two main lieadiiiKs: 1. The loealion of the ulcer; 2. The intra- 
luminal inessure in the duodenal stumj). 


t.ooATioN' OK Tin: unci’.u 


Porlis and Jalfe," in a recent study of jiciitie ulcer based on necropsy 
records, found that 02 jier cent of loB duodenal ulcers weie located on 
tlie posterior wall of tlie duodenum, Avliile dS per cent were on the an- 
terior wall. 'When the ulcer is on the anterior wall of the duodenum, 
close to tile iiylorie vein, closure of the .stiiiii]) presents comparatively 
few difficulties. Such ulcers are also the least likely to have had hemor- 
rhat'es of <rreat severity. When the ulcer is located on the posterior wall 
of the duodenum, however, there is much greater likelihood of its having 
heen complicated by massive licinorrhag:c or by pyloric stenosis. 

These complications, hemorrhage and stenosis, often make operation 
necessary. The c.vf renie iiniiortance of adequate preparation for sui'ger,v, 
which, in the ease of hemori'hage, should include multiple transfusions, 
cannot be stressed too much. However, the technical details of surgical 
numagement in such cases are of equal importance. If the operation is 
done for hemorrhage, one frequently finds that a large branch of the 
gastroduodenal artery has been eroded and lies in the depths of the 
penetrating ulcer, suiTounded b.v panci’eafic tissue. The ulcer is often 
near the duodenohepatic ligament and not infrequently this region is 
infiltrated and edematous. To isolate and ligate the gastroduodenal 


artery above the convexity of the duodenum has been suggested as a 
means of controlling hemorrhage from the eroded vessel in the ulcer 
depth. It is necessary, however, to ligate tlie az-fery below the duodenum 
where it branches into the pancreatic and cpiidoie divisions. The col- 


laterals in this area are so numerous that it is a great problem to isolate 
and lio-ate accurately all of the major branches which might contribute 
to severe bleeding due to erosions involving the gastroduodenal artery 
as it passes behind the first portion of tlie duodenum. If the operation 
is done for p.vloric stenosis, the obstruction of the gastric outlet may be 
found to he due to the edema and inflammatory infiltration resulting 
from the ulcer’s penetration of the head of the pancreas (Fig. 1,B). In 
U) • of these eases, if one were to attempt to free up this duodenum 
' the pancreas and carry the dissection be^'ond the nicer, consider- 
^^T^a-ffiriiltv would he encountered in establishing a line of cleavage 
^ . * • mining the continuity of the duodenal wall. The tissues 

and in nrain t Sickened and friable and the bleeding following dis- 
are T)rofuse. The proximity of the main trunk of the gastro- 

section is o ^ difficulties (Pig. 1, A). Even if one were 

duodenal arteij c dnodennm, there still would remain the 

suceessiut m ^ « ^.nno-h wall for an inversion wliieh would he ade- 

problem of mobi gj. actual disruption. 

quate to prevent leakage 01 
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In the last method, in every instance, the duodenum ruptured first at 
the site of the transverse stitches under pressures higher than those to 
which the hrunan duodenal stump would ever he subjected (222 mm. of 
mercury), thus demonstrating the added pi’otection which the trans- 
verse plication gives to the duodenal stump. 



IXTRAt-UMIXAU rKiysURI'. IX TIIK nUODEXAI. STUMP 

^Yhen gastric .secretion ha.s been diverted, there stili remains the flow 
of the !)iie and panerentie juices into tlie proximal duodenum. This 
is also avigmented by the seeretions of the mucosa itself. I'lic total 
amount of these seeretions may vary within wide limits, hut generally 
ean be said to be in the neighborhood of 1.000 to h.'iOO e.e. in twenty- 
four hours. With such an amount of fluid pouring into this short jwr- 
tion of the intestinal tract, one eati understand readily that any inter- 
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1' i’()iii lliis I)ri(‘f (lisciLssioii it hocoincs obvious tliat tlie vulnerable pos- 
loiior Mjill ol llu' (luodeTiuiu is one of the pi'ineipal hazards in gastric 
roseelion. 


I lie neet-ssily ior resecting the ulcer area in such cases does not seem 
to be great, as thei’c is a niai’ked tendency for those ulcers to heal as soon 
as gastric secretion is completely diverted. Ginzbui'g and Jlage,'* in a 
recent study, found tluit bG of 58 duodenal ulcers from which the gastric 
secretion had been diverted had healed. 

In these eases of j)osterior wall ulcer we have found a great advantage 
in a method of closure which we have termed "closure of the duodenum 
with tami)onade. ” In brief, it is developed along the following lines. 

The duodenum is divided between clamps at or near the pj'loric orifice. 
The proximal duodenum is freed up very cautiously and no attempt is 
made to re.sect the ulcer area on the posterior wall. After preliminary 
closure of the slump with a Kerr-Parkcr stitch or simple over-and-over 
suture (Fig. 2, A and II), the duodenum is then plicated longitudinally 
for a disla 2 iee of one to one and one-half inches (Fig. 2, C and D). This 
practically always extends beyond the uleei- crater, which is on the pos- 
terior wall. The purpose of the plication is to crowd the anterior free 
wall down into the penetrating ulcer crater on the posterior wall, as 
shown in the diagrammatic cross-section of Fig. 2, D. In many ways 
this procedure follows the ])rinciples of the obliterative aneurysmor- 
rhaphy of jMatas. The enfolding not only tamponades the ulcer from 
which the hemorrhage, if any, has come, but it also protects the weak 
stump from leakage and disruption. This is explainable on the basis 
that the transvei’se plication and nari'owng give an added reinforcement 


and take the pressure from the inverted duodenal stump. 

Fogelson and his co-workers^ have undertaken to work out on dogs 
an accurate quantitative measurement of tlie vaiious methods of duo- 
denal stump closure. They felt that the best method for measuring the 


stren"th of the closure would be to determine how much air pressure 
was necessary to blow out the stump. This was done b.v sectioning the 
duodenum of a dog at its distal untraumatized end (after a Polya type 
of (gastric resection had been done), inserting a glass tube, which was 
theiTtied in place, and connecting the lube to a bicycle pump through 
specially constructed large size mercury manometer. The intraluminal 
. -e of the duodenum could thus be increased until rupture occurred, 
^Twhkh moment the pressure reading on the manometer was noted. 
The five different methods of closure eniplojmd were as follows: 

Von Haberer open method without clamps or crushing. 

3 S'mple lio-ature followed by purse string without clamps or crush- 


'4 Same as method 3, using 

5 , Duodenal tamponade m 


silk instead of catgut. 

addition to Kerr-Parker clamp method. 
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are bound to be created where the jejunum is fixed to the greater 
curvature and the lesser curvature of the stomach. Certain errors in 
handling the anastomosis may accentuate this angulation, which may 
result in partial or complete obstruction of the jejunal lumen. This 
in turn may create a closed loop obstruction of the duodenum. This 
was well pointed out by Raft'el® recently when he said, "The cause of 
disruption of the duodenal suture line i.s believed by .some surgeons to 
be obstruction (early) at or near the stoma of the anastomosis, and 
large quantities of duodenal contents are found in the peritoneal cavity 
when this complication occurs.” 



rip <1 — Pro|iorl> ni iimpcil nna^^lomosle 

Lrrors in handling llie anastomosis may be ratlier arbitrarily divided 
into thu'v uioups. (1) 111 Miine iiistanees, the obstnietion may lesnlt 
from tin- manner in uliieh tlie stomach and anastomosed jejumnn are 
deluered tluouvrli the transierse niesoeolon, (2) obsiuielioii may be 
due to an tmjuojHT sntnriiiir of the transverse nusoi-oloii to the stoinaeh 
proMiiml to tin- fiastn (jejunal anastomosis line. (3) jejunal amrulations 
ma\ lesnlt from the improper sutuumr at the lesser and irrt ater eiirva- 
Inie aniiles of the unnstoiiiosis. ■ 
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/('I'C'iK'c willi tli(‘ otilHow of this secrolioii ‘woulfl produce within a short 
tiiiio u (‘OMsi(loral)l(‘ cTCcuiiiiilaf ion and ])rcssurc wilJiin this segment. 

aiigenstoeir lias rojioi'ted that in an ohstriieted duodenum in a dog, 
the intraluminal pre.ssure varies hefwccn 20 and 45 cm, of water pres- 
sure. in 11)29, Dragsicdt" called attention to the fact that the duo- 
denum Avas more rapidly and severely susceptible to the effects of 
distention than any other portion of the intestine. 


COOK COUiJTY OR>.t)l/ATE 

- , SCJfOOL OP MEPICJWE 

Acute an(juIa,tion upper angle 
ol anaetomosio 



* which lead to closed loop obstruction of tho duodenum, 

pjg. 3,_-Errors in anastomosis wn 

, 4! „ rPi'pct our attention toivard this mechanical ob- 

struction to tn made betAtmen the cut end of the stomach 

■When an anas om - ^ jejunum, rather sharp angulations 

and the antimesenteric bora 


MC KEALY ; DUODEKAL STUMP IX GASTRIC RESECTIONS 


215 


it lies in the nicer bed surrounded by pancreatic tissue. In these cases 
and in cases of pyloric stenosis due to edema and inflammatory infiltra- 
tion resulting from the ulcer's penetration of the head of the pancreas, 
it is often extremely difficult to free up the duodenum from the pan- 
creas and carry dissection beyond the ulcer. Even if one were successful 
in freeing up the duodenum, there would still remain the problem of 
mobilizing enough wall for an inversion which would be adequate to 
prevent leakage or actual disruption. There is also the dangerous pos- 
sibility of involving the common duct in an adequate closure of the 
duodenum. 

It is my feeling that too much emphasis has been placed on the neces- 
sity of resecting the ulcer itself, particularly in cases of penetrating pos- 
terior wall duodenal ulcers. Even the most chronic of these tend to heal 
when gastric secretion has been diverted. 

A method of duodenal closure has been presented, which I have found 
particularly helpful, both in lessening the number of hemorrhages, 
and in protecting the weak stump against the back pressure which 
under ordinary circumstances might encourage it to blow out. 
Ilemorrhagc is prevented by crowding the anterior wall of the duodenum 
down to act as a plug to the ulcer bed on the posterior wall. Pressure 
on the duodenal stump is alleviated by the transveise plication and nar- 
rowing of the duodenal lumen just proximal to the stump. 

The various technical errors which lead to marked increase of intra- 
luminal pressure of the duodenum can be avoided by scrupulous atten- 
tion to the mechanics of the gastrointestinal anastomosis. 
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Fig. .3, A illusi rates an angulation procluced al_ llie lesser curvature. 
The u.so of the Icclininiic .suggo.slcd by Finsterer for protecting this 
site, that is, the suturing of the proximal loop of the jejunum to the 
lesser curvature of the stomach for a distance of 1 to 2 cm. above the 
corner of the anastomosis, may account for some of the obstruction in 
this region. If his mefliod is coiTcetly used, no angulation u'ill occur, 
but if the corner is sutured too high along the lesser curvature, angu- 
lation is very lilcely to result. This will cause obstruction to the outlet 
of duodenal contents, and greatly increa.se the intraduodenal pressure. 

In illustration 7i of Fig, 3, an angulation is shown at the greater 
curvature. This may he produced by carrying the jejunum around the 
greater curvature angle in order to make it seem more secure, or it not 
infrequently results fi’om torsion of the anastomosed jejunum during the 
procedure of serosal suturing. Wnicn the angulation occurs at the 
greater curvature, there would seem to be even more risk of frank dis- 
ruption of the closed duodenal slump. This is due to the fact that the 
secretions and regurgitated contents of the stomach are added to the 
secretions wliich arise in the duodenum and arc brought there through 
the ampulla. The forceful contractions of the remaining fundic portion 
of the stomach may increase gi-eatly the pressure witliin the proxima 


duodenum. 

If the angles of the anastomosis are kept in proper alignment, 
unfortunate conditions should not develop, that is, by placing the begin- 
ning sutures of the anastomosis exactly tJirough the antimesenteric bor- 
der of the jejunum and the greater curvature, and by finishing anas- 
tomosis exactly at tlie antimesenteric border of the jejunum and t e 
lesser curvature. Fig. 4 shows a completed anastomosis ivherein the 
angles of the anastomosis are properly managed. 

Kaffel has suggested a method for decompressing not only the stomaOi, 
hut also the duodenal loop, which in addition makes it possible to feed 
back into the normal distal jejunal loop the secretions collected from the 
stum-ich and duodenum, plus such exogenous material as might be re- 
ouired The rationale and wisdom of such a procedure seem obvious, 
and it might well offer a further protection against leakage and disrup- 
tion of the closed duodenal stump. 


SUMMARY 

While the importance of adequate duodenal stump closure in gastric 
yVhile i 2 ed by most surgeons, critical evaluations and con- 

resection IS “ and improving tlie closure have been sparse 

tributions to sue ^ vulnerable posterior wall 

When resec ion difficulties of closure of the duodenal stump are 
of the duodenum, hemorrhaging peptic ulcer, failure 

greatly increased. , technical steps which do not efficiently 

can he attributed ireq in many instances the bleeding is 

prevent recurrence o cannot be successfully approached, as 

from an open eroded vesse 
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Kumevous examples of benign, gastric tumors have been described 
accurately in the literature since one of the earliest cases was reported 
by Gibson before the New York Surgical Society in 1907. "With an 
increased appreciation of the clinical findings in these eases and Muth 
the refinements of modern roentgenologic technique, there should be 
little difficulty in making the diagnosis of benign gastric polyp. ]\Iy 
own experience with these cases, however, has convinced me that ex- 
amples of these benign tumors are constantly being overlooked. The 
importance of recognizing them carl.v lies in the fact that such tumors 
are frequently the cause of .serious complications. To quote Conwa.v: 
“The fact that a new growth of the stomach may be benign assumes a 
practical aspect in view of the importance of conserving such an organ 
as the stomach.*’ Early diagnosis, followed by immediate operation, 
obviously will avoid these complications. 

JIalignant degeneration is the gravest complication which may occur 
in these tumors. In fifty-eiglit cases of benign gastric tumors (which 
included all types of tumons, such as the fibromas, lipomas, and ad- 
enomas) reported by Balfour and Hcnder.son in 1927, malignant de- 
generation was found in only two or 3.5 per cent. The percentage 
of malignant degeneration is not found to be so low in other series 
of cases, nor in those cases in which the condition has existed un- 
recognized for a comparatively long period of time. As a matter of 
fact, adenomatous polyps and Iciom.voma are especially prone to undergo 
malignant degeneration. McRoberts, reporting from the Mayo Clinic 
in 1933, presented five cases of adenoma of the stomach which he person- 
ally had observed during the preceding year and one-half. In four 
cases, or SO per cent, meticulous study of serial .sections revealed unques- 
tional)le evidence of malignant change. In a scries of adenomatous 
polyi)i carefully studied by Eliasou and Wright, carcinomatous 
change was found in eiglit of twcut.v-three ca.se.s, an incidence of 35 per 
cent. In 1934. Benedict and Allen reported seventeen cases of gastric 
polypi from the records of the Massaoluisetts General Hospital, and in 
this group seven, or 41.2 per oei\t. showed evidence of malignant de- 
genei'ation. In a I'ceent juihlieation by Lahe.v and f'olcoek, five out of 
seven of tlie patients, or 71 per cent, operated upon in the Lahey Clinic 
for leiom.vomatous tumois, .showed sarcomatous degeneration. In the 
New York Hospital .series of nine eases, three of tliem, or 33'{i per cent, 
had become malitniaut. 

The ue.\t most important complication of these gastric timuus; is hem- 
orrhage .\nemia and the presence of occult blood is greater in associ- 
ation with this condition than with ulcer of the stomach. .Severe bleed- 
ing, witli heinatemesis and inelena. while it may occur, is not cliarae- 
teristie of heniiin ga.strie polypi, hut moderate Iih-eding, with gross or 
oceiilt blood in the stool, is quite common. .Xiieinia is one of the most 
frequent and characteristic signs of heniirn tumor of the stomach. The 
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T he purpose of tins paper is to review nine eases of benign tumors 
of the stomach gatlieretl from the records of the New York Hospi- 
tal since its opening in September, 1932, through December, 194U. 
Three of the nine cases liad alrcad 3 ' become malignant at the time oi 
operation, leaving a total of six tumors in the above period which could 
be classified strict l.v as benign. Abstracts of tbe histories and findings 
in tliese cases will be noted at tbe end of the paper. 

In the grouiJ of nine cases described, the average age was 44 j^ears; 
the 3 ’oungest patient was 24 j’ears of age, and the oldest, 58. The in- 
cidence of sex is unusual, in that of the entire group of nine cases onl.v 
one patient was a male. 

Benign tumors of the stomach ai-e not common. When one considers 
the number of roentgenologic examinations of the stomach that are 
made eaeh j'ear at the New York Hospital, the incidence of benign tu- 
mor is veiy small, for in the x-raj' department an average of about 
twentj' examinations of the stomach are made each daj\ The number of 
Avorking daj'S in a calendar j^ear at the hospital is about 270. This 
means that, in round numbers, 5,400 roentgenologic examinations are 
made of the stomach jmarly, and for the period included in this report 
(eight jmars) the number of examinations approximate 43,200. During 
this time onty six benign tumors of the stomach ivere found. The ratio, 
then of the number of benign tumors to the number of roentgenologic 
examinations of the stomaeli at Neiv York Hospital is about 1 to 7,200. 

' j tjjg past the ratio of malignant to benign tumors of the stomach ivas 
• cn as about 200 to 1. At the Neiv York Hospital Avithin the period 
hove there Avere 289 patients Avith carcinoma of the stomach ad- 
the navilions. The life histories of these patients are being 
A refullv bj" Dr. William A. Cooper. One hundred and five more 
studie ea ^ stomach AA^ei-e seen on the private and semi- 

cases of caic rpjjj.ee hundred and ninety-four eases, then, of car- 
priAmte ^^^'p^gPajjjaeh Avere seen during this period of time in Avhieh 
cinoma of _ benign tumors. The ratio of malignant 

Ave collecte i therefore Avas much less than 200 to 1 and AA^as in 
to benign tumors^, 

fact about surgical Section of the Academy of Medicine of 

tefore the meetmg 
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folloiving roentgenologic findings are characteristic of benign 

icy produce a filling defect that is circumscribed and punched 
appearance, 

he filling defect is usually on the gastric walls, leaving the 
ire regular and pliant. 

1 inflammatory and malignant lesions, the rugae are obliterated 
immediate area of the tumor, but the rugae surrounding a benign 
are nearly normal in their arrangement and distribution, 
hey cause little or no disturbance in peristalsis and retention is 
mon, except when the lesion is at or near the pyloras. 

'hey do not reveal a niche, nor is there any incisura or other 
ce of spasm. 

'hey are rarely sufficiently large to be palpated. 

. polypoid tumor prolapses into the duodenum, it will produce a 
1 translueenee in the bulbar shadow which is tj-pical. This oc- 
i in one of our cases in which f diagnosis was made before op~ 
a. It is true, therefore, that the diagnosis of benign tumor of the 
jh is being made more often and more confidently in the present 
t has been in the past. 

PATHOLOGY 

lign tumors may arise from any of the several coats of the stomach 
according to the tissue of origin, may be divided into epithelial 
nesenchymal. Included in the epithelial gi-oup are the adenomas, 
papillomas, adenomyomas and fibroadenomyomas, fibromas, lipo- 
and the rare angiomas and osteomas. The leiomyomas, the most 
ion of the benign tumors, constitute about 3.5 per cent of all benign 
IN of the stomach. In a review of the literature by Jlinnes and 
liekter, who collected 931 ease.s, 341, or 36.6 per cent, were leiomy- 
. In the gi-oup of eases reported by Eliason and Wright, 60 per cent 
leiomyomas. However, in the nine eases of our serie.s which were 
ifed upon and subjected to histologic examination, there was one 
lyoma and one leiomyosarcoma. Seven tumoi-s were of the type 
iionly called polyps, that is. epithelial adenomas. 

TKEATMinST 

the majority of ease.s of benign tumors of the stoinaeh. local ex- 
n, rather than re.seetioii. is indicated. The situation of the tumor, 
■ourse, determines the be.st approach. The procedure most fre- 
itly used in our series was transgastric excision, performed llirougli 
nclsion in the anterior wall of the stomach, and division of the mu- 
i membrane pedicle In operating on the large tumors, and in those 
s in which the fro/en s«'ction iu<Iicat<sl malignant eiiauge. partial 
reetomy was the procedure of choice. 
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iiiicniia is H.siially ol (lie sccondiivy or inicroe.vtic type, but in long- 
standinfj cases it may progi’css until it is suggestive of the primary type. 
Patients u'itli obscure anemias or pernicious anemias should be sub- 
jected to roentgenologic c.xamination of the gastrointestinal tract. In 
tliis eoiuiection it is interesting to note that in seventeen eases reported 
by Benedict and Allen from the Ma.ssachusetts General Hospital, pri- 
mary anemia was the first diagnosis in five, or an incidence of 30 per 
cent. In our own scries of nine ca.sc.s, a primary diagnosis of pernicious 
anemia was made in two cases, but a moderate to severe secondary 
anemia was present in all the others. 

SYJIPTOMS AND SIGNS 

Benign tumors of the stomach, as a rule, do not cause marked spnp- 
toms unless they are complicated by bleeding or intermittent obstruc- 
tion of the pylorus, or unless because of their size and extent they inter- 
fere with gastric motility and secretion. Given a patient with anemia 
and achylia gastriea, who on x-ray examination reveals the characteristic 
punelied-out smooth defect in the stomach or first portion of the du- 
odenum, the diagnosis of benign tumor of the stomach is certain. Ab- 
sence of free hydrochloric acid in the gastric contents was a constant 
finding in our cases. Pyloric obstruction, usually intermittent, occurs 
in a small percentage of the eases. These are the ball-valve type of 
tumors which are attached to the posterior wall of the stomach and 
develop a long mucous membrane pedicle, at first obstructing the pylorus 
in the manner of a ball-valve and then, finallj^, prolapsing into the 
duodenum, where they remain. Our series includes one of these in- 
teresting tumors, which was seen by x-ray and diagnosed as a benign 
tumor of the stomach which had herniated through the pylorus into the 
duodenum. On roentgenologic examination in this case, the tumor ap- 
peared to be entirely within the duodenum and to have its origin there, 
but exploration disclosed that its pedicle was on the gastric side of the 
pylorus. There are no characteristic digestive symptoms which produce 
a syndrome on which the diagnosis of benign tumor could be made. 

ROENTGENOLOGIC FINDINGS 

With expert radiologic examination of the stomach, a greater num- 
ber of accurate diagnoses have been made. Benign tumors present cer- 
tain roentgenologic signs which differentiate them from malignant or 
inflammatory lesions. However, the differentiation cannot always be 
made with certainty by means of x-ray. One of the most interesting 
cases reported in this group was a ease of tumor of the stomach which 
had been diagnosed by x-ray as an inoperable carcinoma. When it was 

'd d to perform a palliative operation on this patient because of 
PCTsistert vomiting, it was found that she had a benign tumor of the 
Lmach which could be locally resected. 
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The following roentgenologic findings are characteristic of benign 
tumors : 

1. They produce a filling defect that is circiunscribed and punched 
out in appearance. 

2. The filling defect is usuallj' on the gastric walls, leaAung the 
curvature regular and pliant. 

3. In inflammatory and malignant lesions, the rugae are obliterated 
in the immediate area of the tumor, but the rugae surrounding a benign 
tumor are nearly normal in their arrangement and distribution. 

4. They cause little or no distm-banee in peristalsis and retention is 
uncommon, except when the lesion is at or near the pylorus. 

5. They do not reveal a niche, nor is there any incisura or other 
evidence of spasm, 

6. They are rarely sufficiently large to be palpated. 

If a polypoid tumor prolapses into the duodenum, it will produce a 
central translucence in the bulbar shadow which is tj'pical. This oc- 
curred in one of our cases in which the diagnosis was made before op- 
eration. It is true, therefore, that the diagnosis of benign tumor of the 
stomach is being made more often and more confidently in tlie present 
than it has been in the past. 

PATHOLOGY 

Benign tumors may arise from any of the several coats of the stomach 
and, according to the tissue of origin, may be divided into epithelial 
and mesenchjmial. Included in the epithelial group are the adenomas, 
adenopapillomas, adenomyomas and fibroadenomyomas, fibromas, lipo- 
mas, and the rare angiomas and osteomas. The leiomyomas, the most 
common of the benign tumors, constitute about 35 per cent of all benign 
tumors of the stomach. In a review of the litei’ature by Jlinnes and 
Geschickter, M'ho collected 931 cases, 341, or 36.6 per cent, were leiomy- 
omas. In the group of cases reported by Bliason and Wright, 60 per cent 
were leiomyomas. However, in the nine cases of our series which were 
operated upon and subjected to histologic examination, there was one 
leiomyoma and one leiomyosarcoma. Seven tumoi-s were of the tj^pe 
commonly called polyps, that is, epithelial adenomas. 

TRE.miENT 

In the majority of cases of benign tumors of the stomach, local ex- 
cision, rather than resection, is indicated. The situation of the tumor, 
of course, determines the best approach. The procedure most fre- 
quently used in our scries was transgastric excision, performed through 
an incision in the anterior wall of the stomach, and division of the mu- 
cous membrane pedicle. In operating on the large tumors, and in those 
cases in which the frozen section indicated malignant change, partial 
gastrectomy was the procedure of choice. 
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CASi: nni’oni's 

All the siii’t'ieal j)allK)l()^ie reports in the following cases were made 
under the supervision of Dr. N. Chandler Foot. 



Im. 



Fie 1 {Case 1). — Topical punched-out and circumscribed filling defect of benign poljp 
*’■ in duodenal cap. 
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Case 1 is tj'pieal of a benign tnmor Avliich had prolapsed through the 
pylorus and had come to rest in the first portion of the duodenum. I 
personally observed it and did the operation, diagnosing it as a benign 
gastric polj^p before operation. 

Case 1. — S. tV. (New York Hospital No. 17.^873), female, aged 24 years, was ad- 
mitted July 1, 1937, with a complaint of indigestion and weakness for the past three 
years. There was no history of any previous serious iiineas or operation. In 19S5 
she had been admitted to anotlier liospital where she was treated for secondary 
anemia. For the past three years she had been suffering from epigastric distress 
and a feeling of fullness whieli came on in paroxysms. There had been no vomiting. 
In May, 1937, a gastrointestinal series revealed a central filling defect in the duo- 
denal cap, which was not at that time interpreted correctly. A gastric analysis 
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ininrn^ operation. At top. note prol.apse througlr 

tn... ' '“uyo'w menrbtanc r>eaicle attaclied to posterior wait ot 

Srand pedmm Tuh beVor^^^ 


revealed no free hydror-hloric acid at this time. The jihysical examination was es- 
i-entially ncgatirc. Tlic abdomen was soft arrd no tumors were palpable. The hemo- 
globin was 7o per cent and two stool e.xaminations were jiositive for occult blood. 
I’luoroscopy and roentgenogram', of the gn--trointcstinal tract rerealed a normal 



KUROERY 

stomiK'li. The (lundeiml cai) hIiowciI a diapliieomcnt of hariuni measuring 2% cm. in 
its longest (limension (Figs. 1 ami 2, Case 1). On one of the films tlicre was a sug- 
gestive pedicle extending tlirough the pylorus. The impression was that this was 
a gastric, polyp which had prolajisod through the pylorus into tlic duodenum. At 
oiieration a small round, doughy tumor was palpated in the first portion of the 
duodomini. During palpation the tumor .slipped hack fhroiigli the pylorus into the 
.stomach. A short, longitudinal incision was made then on the anterior wall of the 
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Fie- 4 (Case 1 ).— Section of polyp sliowing hypertrophied pyloric 
high degree of vascularization and numerous small areas of erosion of the covering 
epithelium. 





^ operation ; normal stomach and duodemini. 

, , _x-ray six months after o. 
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stomach, just above the pylorus and midway between the two curvatures. On opening 
the stomach through thi.s incision, a smooth round polyp with a mucous membimne 
pedicle was found attached to the posterior wall (Kg. 3, Case 1). This was excised 
with its pedicle, locally, and the stomach then closed transversely with mattress 
sutures of fine black silk. The abdomen was closed in layers with interrupted sutures 
of the same material. Convalescence was uneventful. The patient was discharged on 
the twelfth day after operation. 

Pathologic Peport . — ^The specimen is a polypoid tumor mass 22 by IS by / mm. 
in size. It is soft and covered with reddened mucosa, which is in the main verj 
.smooth. On section it is found to be made up of glandular complexes wliich are 
putty colored and often umbilieated with a small red dot at the middle. 

Microscopic Examination. — 3fost of the section is composed of hypertrophic glands 
which resemble Brunner 's glands. Strands of fibrous tissue run between these glands, 
separating them into nodule-like areas. The coveriug epithelium shows a high degree 
of vascularization and numerous small areas of ero.don, which probably account for 
tlie bleeding in this case (Big. 4, Case 1). 

Diagnosis; Benign polyp of the gastric mucosa. 

X-ray examination of the gastrointestinal tract six months after operation showed ' 
the stomach to be normal throughout. The polyp is no longer seen 'either in the 
antrum or in the duodenal cap and the bulb fills well (Big. 5, Case I). 

The patient reported three years after operation in good condition and with no 
symptoms referable to the stomach. The blood picture was normal. 

j 

In this second gi’oup are three cases of tumor of the stomach which 
had become malignant at the time of operation. \ 

Case 2. — P. 0. (Xew York Hospital Ko. 127343), a woman, aged 43 years, w-as 
admitted March 30, 1936. Nine years before admission she began to have some 
epigastric discomfort with frequent eructations. Three years ago, because of the 
persistence of these gastric symptoms, her stomach was x-rayed and she was told 
that she had a tumor of tlie stomach. Six months before admission her symptoms 
became worse and were accompanied by daily aching pains in the upper abdomen 
and back. X-rays again revealed a tumor of the stomach. She had lost about 
fourteen pounds in a-eight. On admission, the physical examination was essentially 
negative, except tliat palpation of the abdomen suggested a mass in the mid- 
epigastrium. Laboratory examinations revealed 60 per cent hemoglobin with 
3,500,000 red blood cell counl. There was no free hydrochloric acid in the gastric 
contents after histamine, and the stool was positive for occult blood. Bluoroscopy 
and films of the gastrointestinal tract showed a lobulated lesion on the posterior 
wall of the pars media. The rest of the stomach and duodenum appeared to be 
norma! (Fig. 6, Case 2). At operation a soft, polypoid, apparently benign tumor, 
was found, which arose from the anterior wall of the sfomacli and the pars media. 
The stomach was opened and the tumor localh- excised. Frozen section, however, 
revealed a carcinomatous polj-p. Accordingly, a gastric resection of the Polya 
typo Was performed. 

Pathology . — The .specimen consisted of a piece of tissue measuring 4% by 3 by 
I'/i cm, in size, at one end made up of a pale musUroomlike mass H-Va cm. in di- 
ameter and raised 1 cm. above the surrounding mucosa. The rest of the tissue wn.s 
composed of reddened poh-poid gastric mucosa. The consistence of the pule mas.s 
was verv- firm witfmut being stony bard. Sections revealed the presence of a tumor 
of metaplnstic giandiilar tissue. The glandular cpitliclium wa.s extremely anaplastic 
in appearance and tliere were many mitotic figure.s present. There wa.s deep infiltra- 
tion of the tumor cells (Fig. ”, Case 2). 

On follow-up three years after operation, the patient ate everything without 
distres.s and was working. Her color wa.s good nnd the wound well liealed. Xo 



sunontiY 

Htoiimcli. The duodemil eiip Hliowed ii diMplaremcnt of harium measuring 2*/4 cm in 
it» longest dimension (Tigs. 1 and 2, Case 1). On one of tlie fdms tliere «as a sug 
gesti^e jiediele extending through the pjlorus. Tlie impression was that this was 
a gastric pohp whieli had prolapsed through the pylorus into the duodenum. At 
oiieration a small round, doughy tumor was palpated in the first portion of the 
duodenuin. During paljiation the tumor slipped hack through the pjlorus into the 
stonmeh. A short, longitudinal incision was made then on the anterior wall of the 
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Fib 4 (Case 1) —Section of poljp showing hj pertrophied pjlonc flands with a 
high degree of tasculanzation and numerous small areas of eiosion of the coveriub 
epithelium 



^ offer operation , normal stomach and duodenuin. 

1 N —X-rar months aim 
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were excised and sent for biopsy. Frozen section was reported as caioinoma. It 
was decided that a resection of the pylorus or a gastroenterostomy was not justifiable. 
The diagnosis then was malignant poljp of the prepjloric region with multiple 
hepatic and peritoneal metastases. 



Fib. I (Case 2) — Photomicroeraph of malignant gastric poljp showing deep inflUra- 
tion of anaplastic glandular epithelium. 



I'lg S (Case 3).— Boontgcnogr.-jm of the atomneh showing the characteristic defect of 
^ po^nioltl tumor at the pjlorus. 
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mtippos wore jiiilpalod in (lie alHloinoiij find (lie liver Wfis not enlarged. Pilm and 
fluoro.'-copie e.vaniin.ation of (lie gastrointestinal tract sliowod the stump of the 
slomaeh to he sinnll in nppearartec, wliieli na.s consi.stcnt with the previous operation. 
It emptied well find the remaining part of the stomach appeared to he normal 
throughout. 


tr .. -• 



Fig. 6 (Case 2). — X-ray film of stomach sliowing: lobulated lesion in the pars media. 


Case 3. — P. E. (New York Hospital No. TlSdO), a o2 year-oId woman, was ad- 
mitted Aug. 3, 1934, and di.scharged Sept. 12, 1934. This patient came in with a 
complaint of epigastric pain and distress. She also liad an eleven-year-old story of 
diarrhea and generalized abdominal cramps due to mucous colitis. For two years 
previous to her admission, she had been very weak and liad lost twenty pounds m 
weight. Her appetite was poor and there had been frequent spelts of vomiting. On 
physical examination, she appeared to be fairly well nourished. No masses were 
palpated in the abdomen. Urine was negative, and hemoglobin 85 per cent with a 
^ /hlood cell count of 3,980,000. In the gastric contents there was no free Iiydro- 
• acid even after stimulation with histamine. Fluoroscopy and films of the 
chloric , showed an oblique stomach, medium in size and po.sition. 

a nl" eat) had an unusual appearance. The barium seemed to be displaced 
The duo ‘ Findings were .strongly .suggestive of a polyp in the pyloric 

by a foreign • malignant in character (Fig. 8, Case 3). Wlien the 

end of the sto ^ .^’/opened at operation, Aug. 17, 1934, about one liter of thin 
peritoneal cavitj , ‘ ^ boggy, indurated aieas were found in the greater 
green fluid escape . _nj,iber of small white deposits in the liver, 1 to 2 mm. in 
omentum. There nere a and a mass found in the region of the pylorus, 

diameter. The ‘ to side within the lumen. It apparently rose from 

Tliis could be moved l prepyloric region and mea.surcd about 0 cm. by 

the posterior wall, or sur^a .^^j^jt’e deposits in the mesentery of the ileum 

2 cm. in 8^*®' ^ 
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sleeve resection was done, leaving a margin of i cm. on eitlier side of tlve excised 
tumor. No regional hmiph nodes were seen or felt and there was no evidence of 
spread to the liver, omentum, or peritoneum. 

Pathology . — The specimen consisted of a globular tumor from the stomach, measur- 
ing cm. in diameter. It was covered on both sides by a thin layer of gastric 
mucosa which showed numerous pits or craters surrounded by elevated, nipplelike 
thickenings of the mucosa. The bulk of the tumor, however, seemed to lie below this 



Fig. to (Case 4), — Photomicrograplt of leiomyosarcoma of stomach showing spindle 
character of cells and many giant tumor cells. 

and to be composed of a liglit-brown semigelatinous mass of tissue which w.as 
chiefly surrounded by the muscular layer of the stomach, although just within this a 
membranous capsule was apparently quite definitely seen. The tumor had a definitely 
.“■arcomatous appearance, and was verj- soft in consistency, except where it was at- 
taciicd to the gastric muscuiature, where it was quite firm. 

Sections through tiio gastric tumor, described above in the gro.<.s, .riiowed it to be 
an extrenvely cciiular one, Tim cells varied markedly in sire and shape, many of 
them being snial! spindle colls or oval in shape, and others round and epithelioid, 
barge numfiers of giant tumor cells were present. These were undergoing all sorts 
of milotic changes. All these colls were growing in a very loose stroma. After 
st.aining frozen sections with sudiin HI, fat cells could not be demonstrated, 
cUminnting the possibility of this tumor being a lipo'-areonia and marking it ns a 
fairly definite ieiomyosarcoma of the stomach (Fig, 10, Case -1). 

On July 25. ISK!'.!, one year after operation, roentgenologic e.vamination of the 
.“tomacli revealed the postoperative picture of a sleeve resection with no evidence 
of recurrence (Fig. 11, Case 4). At follow-up two years after operation, the pa- 
tient was a ell and working. 
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Patholopy . — The specimen consisted liirRcly of fat, and sections sliowed in one 
area a nunihor of tnnior colls with indefinite cell outline, granular cytoplasm anti 
oval dark-staining nuclei. These cells were poorly differentiated; many were vacu- 
olated and a few mitotic figures were present. TJiey tended at times to grow into 
acini, although many formed islands. There '^^as definite invasion of both stroma 
and tumor cells to the omentum. 

rollow-up revealed that this patient died at home, Oct. 2o, 1035. ICo autopsy 
was performed. 



Tase 4 — a L (New York Hospital No. 205103), 29-year-old female, was admitted 
Tune 7 1938, aud discharged July 3, 1938. In April, 1937, this patient was admitted 
r vlip’Eockefeller Hospital with marked hypertension. Examination disclosed . 
* If kidnev on the left. In April, 1938, a nephrectomy was performed 

hydronephrotic kid^ ^ ,„eekup 

ST** E^cke^feller Hospital revealed a low hemoglobin, and a gastrointestinal series 
at the Eockefeller y patient also recalled having had 

showed the to admission. There was no epigastric pain or 

tarry stools tor Hospital with the above history, lab- 

distress. f g^.ealed hemoglobin, 64 per cent, and red blood count 3,100,000. 

oratory examinations fluoroscopy of 

The stool was showed a vertical stomach, medium in size and position, 

the gastrointestinal ra t There was a circular aiea of increased ladiability 

orthotonic, with , representing a probable benign tumor (Fig. 9, Case 4). 

in tlie body of tbe J „,tns incision disclosed a tumor in the stomach at- 

Operation through a 4 em. in diameter. Tliis tumor uas e.vcisod with a 

^1 a to the anterior wall, ■ sidc.s. Frozen section, liowcver, showed the 

r- •- •>' • 

tumor to be a s. 
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Pathologic Peport . — The specimen is a gastric polyp measuring about 31/4 cm. by 
2 cm. Sections reveal a polj’p ^rith a stalk composed of loose connective tissue. The 
normal gastric mucosa changes its appearance fairly abruptly at the base of the polyp. 
The goblet cells are few in number and the nuclei are lo-perchromatic. Ko mitotic 



Fie. 12 (Case 5). — Repeals filling defect on posteiior wall of stomach near the 
cardla. 

Fig. 13 (Case fi). — Spot film showing filling defect chaiacterlstlc of benign tumor. 



rig. H (Ca'-e — Photomicrograph of section of benign polyp of stomach In a pa- 

tient with pernicious anemia. 

figures are seeji pnd ;i)J the epifhcJial cells are .arranged in tery orderly fashion on 
the basal membrane without the least tendciiej to intasion of the underlying tissue. 
One has the imiiression, netertheless, that the-e cells would become m.alignant on 





SURGERY 


A primary diagnosis of pernicious anemia was made in the following 
two cases: 

Cass 5. — A. L. (New York Hospital No. tO.tOGO), a woman aged 58 years, was ad- 
mitted Aug. S, in.'l.j, witli a eomplaint of weakne.ss. The patient’s mother died of 
pernicious anemia and now one brother is .said to be suffering from the same dia- 



ler Three years prior to admission to the hospital the patient had suffered from 
»kness and fatigue. She had had inter mittent attacks of glossitis, numbness, and 
crlimr of the toes. Just before admission there had been epigastric distress with 
of fullness after eating. Liver therapy in the past had given some rebel, 
-tmtion revealed a subicteric tint to the skin and conjunctiva. The tongue was 
V- l.,rlv smooth. The abdomen was soft and no masses nere palpated, 
t par icu J . vibratory sense over the toes of both e.xtreniities. Laboratory 

ere was som liydrochloiic acid m the gastric contents. There were 

H^ood cells, with 2 + stippling, maciocytosis; hemoglobin, 95 per cent 
100,000 r .„.rointestinal tract showed a tilling defect on the posterior wall 
,1ms of the g* ,pi,jg ^ppgarod to project into the gastric 

ar the cardia, a ou somewhat smaller, and the mass itself giving a 

jien, with the ba that this patient had polyps or a liemangi- 

dunculated effect ^ e im^p 

la of the „„eration through a left upper rectus inoi.sion, palpation 

On August 10, 19 ’ ‘ T,resence of a small tumor arising from the lesser 

the stomach revea e i a„d pylorus, with a fairly narrow pedicle, 

irvature about midway invading the rest of the wall of the .stoinach. 

e base of which did no defect was closed 

wedge-shaped ' ^tgut suture line was inve.ted iiith mattre.ss sutures of 

ith chromic catgut. This 

; ‘bU »» »« 



FINESIIjVER : BEXIGN TUJfORS OP STOMACH 


231 


In Case 7 there was pyloric obstruction and the x-ray diagnosis was 
carcinoma of the stomach, ,, 

Case 7.— A. 0. (New York Hospital No. 177G71), a woman 54 years of age, was 
admitted Aug. 24, 1937, with a three months’ lii.story of epigastric pain associated 
with vomiting attacks lasting three or four days. Three days before admission she 
had an attack of abdominal pain with nausea and vomiting, so that even liquid food.* 
were vomited irampdiately after ingestion. There was a loss of twenty pounds in 
! 



Kir. 16 (Case 7). — Roentgenogram oC stomach showing the defect in the pvioric 
region diagnosed as carcinoma, which at operation proved to be a benign polyp. 

six months. The patient e.vliibited typical sign.s' of pyloric obstruction. On physical 
c.vamination, she was dehydrated and appeared acutely ill. A distinct mass was 
palpated in the midabdomcn at the level of the urabilicus. Her hemoglobin was 70 
per cent, red blood count, 3,500,000. X-rays of the stomach revealed an extensive 
filling defect in the body and antrum. Increased peristalsis was visible and it was 
felt that there was an extensive carcinoma of the stomach, with involvement of the 
pyloric region (Fig. 16, Case 7). The patient wa.s given a’coursc of x-ray therapy 
with some improvement, bnt the attacks of epigastric pain and vomiting continued, 
so that sixteen days after admission it was decided to do a palliative gastroenteros- 
tomy, At operation the stomach wall was seen to be perfectly normal. X round 
movable roa.ss was palpated, apparently att.aclied to the posterior w.all of the .stomach. 
A large polypoid tumor was delivered through the anterior stomach wall, which had 
the gre-.s appearance of a benign tumor and wa.s found to l>e attached to the posterior 
waU of the stomach by a mucous membrane pedicle. The tumor appc.ared to have 
blocked the pylorus. It was excised locally. The posto[>crative course was smooth 
and the patient has Iwcn perfectly well since the operation. 

Pntholnflic report . — The specimen consisted of a blood-rod tumor m:iss measuring 
6 by 4 by 3 cm., symmetrical and coarsely lobular. It was soft anri friable -and 
.sections revealed innumeniblc glandular complexes. The cells lining the acini were 
regular, tall columnar, one I.-uer thick. The surface of the tumor showed .small, 
thin-walled blood vessels. Patches of hemorrhage, areas of ulceration and chronic 
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vo.y slight provocation. The glaiuls in the polyps are quite well formed (Fig. 14, 
Caso 5). \ b ; 

Following operation, the patient was treated with dilute hydrochloric acid and 
hver, and discharged from the ho.spital, Sept. 1, 19.So. She came to the outpatient 
department irregidarly for about two years until April 1.1, 19,19, when she was 
readmitted to the hospital with a true Addisonian anemia, the hemoglobin being 
48 jier I'ont, with 1,400,000 red blood cells. Roentgenologic e.xamination of the 
stomach .showed no ovideneo of recurrence of the polyp. The patient is being 
maintained on one vial (.1 c.c.) of liver extract intramuscularly every three weeks. 



Fiff. 15 (Case 6), — Roentgenogram of stomach showing polypoid mass in the pre- 
pyloric area. 

Case 6.* — M. E. (New York Hospital No. 61150), a 54-year-old woman, was ad- 
mitted April 9, 1934, with a complaint of weakness, numbness, and tingling of the 
toes, with some epigastric distress and belching. For the past twenty years, she has 
suffered from indigestion, gaseous distention, and vague abdominal pain. Three 
years ago she developed sore mouth, felt weak, and a gastric analysis revealed 
achlorhydria, while blood examinations revealed a piofound anemia. Under intense 
liver therapy, she complained of weakness, lack of energy, numbness and tingling 
of the feet and hands. When liver therapy was stopped there was a tendency for 
the led blood cell count to drop. Her blood count on admission was 4,000,000, hemo- 
globin 88 per cent, with a slight variation in the size and shape of the red blood 
cells. Physical examination revealed a fairly well-developed and well-nourished 
w'oman. The papillae on the tongue were good. The abdomen appeared normal. 
Careful neurologic examination failed to reveal any abnormality. Roentgenologic 
examination of the gastrointestinal tract revealed a polypoid mass in the prepyloric 
on the posterior wall, which was thought to be malignant (Fig. 15, Case 6). 
“j®”'left the hospital on April 25, 1934, to go home to Chicago where operation was 
'*1 considered by her family surgeon, who operated upon her in May, 1934. A 
™ ^ ted uolvp was found near the pyloru.s on the posterior wall of the stoniach. 

peduncu a smaller polyps in tliis same region. These were e.xcised lo- 

There were ^tion that they were benign, and frozen section showed no evidence 

cally ou the sections rvere diagnosed as chronically inflamed ad- 

of malignancy. early malignancy could not be excluded uith certainty, 

enomatous polyps, jjjeotl count has been maintained at a fairly normal level 

Since operation >er jg j,ave some abdominal distention and belching 

bv liver therapy- ' , gtomach have been refused by the patient, 

after meals. Follow-up -x-ra>s 

V nr Paul B. Sheldon. 

•Courtesy of vr. r 
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Case 8.— M. G. (New York Hospital No. 18984), a 52-year-old woman, was treated 
in the medical clinic from September, 1929, to Jul 3 ’, 1931, for chronic constipation 
and an old paralysis of the tongue and right arm. Gastric analysis revealed no 
free hydrochloric acid. There was little change in her condition and she was treated 
at infrequent intervals in the medical clinic until June, 1939, when a gastric analysis 
again revealed anaciditj’. Fluoroscopic examination and films of the gastrointestinal 
tract showed a polj’p on the posterior wall of the stomach in the region of the greater 
curvature (Fig. IS, Case 8). She then was sdmitted to the tiospita], where her 
hemoglobin was found to be So per cent and red blood cell count 4,000,000. On Julj' 



27, 19.39, operation revealed a small poljq) about 2 cm. in diameter, easily- palpated 
through the wall of the stomach in the lower portion of the pars media near the 
greater curvature. This appeared to lie on the anterior wall and was freeh’ movable 
Iw virtue of a short pedicle. The remainder of the stomach and duodenum appeared 
quite normal. linear incision was made into the stomach between traction sutures 
and the pohp transfixed through its loose pedicle, which contained onl\’ mucosa. The 
wound in the stomach was elosed with mattress sutures of fine black silk. 

Pathologic llcgorl . — The specimen consisted of a pink, soft tumor measuring 8 
b_v 9 by o mm. On section it nas soft and whitish in color. 

.Microscopic. — Fections of this pol.vp showed its surface to be ulcerated and cov- 
ered with purulent material. Immediatelj’ beneath this there was a verr’ vascular 
intlamed fibrous tissue. The main bodj" of the niass^ houever, was composed of ir- 
regular, large glandular structures lined with columnar epithelium. Most of these 
lining cells were goblet cells secreting mucus. In some areas, however, particularl.v 
near the surface, the colls stained more darkh- and there appeared to be a few 
isidated strands which did not clearly form er.vpts. Amongst these there were fewer 
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infl'iiiimnt ion were freqiionl. Bxannnation of the base of the polyp showed it to be ' 
composed entirely of ratlier dense fibrous tissue wliicli had few small blood vessels. 
There was no evidence of invasion of the base. 

Diagnosi.s: Adenomatous polyp of the stomach (Fig. 17, Case 7). 



Fig. 17 (Case 7). — Photomicrograpli of benign polyp showing innumerable glandu- 
lar complexes. The cells lining the acini are regular, tall columnar, and one layer 
thick. 




circumscribed defect in roentgenogram 
18 (Case S).-Pu"c>’ea-out,^ po,j.p. 


of stomach 
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cm. from the pylorus. The tumor was locally excised and a posterior gastroenteros- 
tomy was done. Microscopic examination of the tumor showed it to be of unmis- 
takable smooth muscle origin. Mitotic figures were not found and for this reason the 
tumor was classified as a nonmalignant leiomyoma of the stomach. The patient had 
an uneventful convalescence and was reported to be well nineteen months after op- 
eration. 
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goblet colls. However, one could not consider this as a malignant change, par- 
ticularly in view of ihe fact that the innammation seemed more active about these 
areas. Close follow-up na.s advised (Fig. 10, Case 8). 

Diagnosis; Gastric adenoma. 

1 ho patient did well after the operation and was discharged in about two ueeks. 
She is being followed carefully in the outpatient department, with frequent ex- 
aminations through the gastroscopc. X-rays of the atomacli Sept. 21, 193!), showed 
the rugal maihings to bo coarse. There was a .smooth indentation on the greater 
curvature on the pyloiic end. There were no defects and no evidence of polyp 
(I'lg. 20, Case 8). The last gastroscopic examination, three years after operation, 
icvcalcd two small sessile polyps less than 1 cm. in diameter. One was near the 




91) erase 8). — Postoperative x-ray fllm of stomach showing no defects and no 
' evidence of polyp. 


angularis on the lesser curvatuie and the othei opposite this on the gi cater curvature. 
The pyloric ring appeared to be normal. At the last clinic visit in April, 1041, 
the patient reported that she was working but that she had some epigastric pain and 
a- t Gastric analysis again revealed no free hydrochloric acid. Hemoglobin 

n^Js'sS per cent, red blood cell count, 4,200,000. 

Case 9— This was the one leiomyoma of tlic entire group. It has already been 
report in detail by Conway, in 1936. 

XI <3 fNT w York Hospital No. 76807), male, aged 41 year.s, was admitted to the 
n f ^ 1934 in a state of shock after suflflen Iiemafenicsis. Follon'- 
surgical service c . , jjo^vly recovered from the profound anemia. Serial 

ing appropriate gj,.p;pt{,gtinal tract on two occasions showed nolliing ab- 

roentgenograms of ‘O g^^^ Operation Nov. 15, 19.34, revealed n small 

normal in stomact » ^ ,*nii nf thn lesser e\ir\atiire nf the stomach, 6 


md ^ -- -X 

9 cm in the wall of the lesser eur\uturc of the stomach; o 
tumor measuring 2 by - 
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two groups, experimental and control. The former were given heparin 
intraperitoneally at the close of the operation and in varj'ing dosages 
hy abdominal paracentesis thereafter. A series of dosage experiments, 
previously reported, = indicated that for full effect heparin must be given 
for at least three days after separation of adliesions, and all of the ex- 
periments reported are from animals so treated. The control group was 
further subdivided. One subgroup received no auxiliary treatment, and 
one subgi’oup each was treated with corresponding amounts of normal 
saline solution, amniotie fluid® and papain solution.! After a fuidher 
period of two to six weelrs, at a third laparotomy, the number and ex- 
tent of re-formed adliesions were recorded. In a series of ten experi- 
ments, repeated division of adhesions followed by heparin administi'a- 
tion was eari'ied out in indimdual animals. 


RESULTS 


The results (Fig. 1) have been remarkably consistent throughout. It 
is clear that under the described conditions of experimentation, heparin 
has proved considerably more effective in the dog than any other agent. 
In the controls more adhesions re-fonn than are divided even ■with the 
use of such drags as amniotie fluid and papain, which seem to possess 
no advantageous action. “With the use of heparin, however, the average 
re-formation rate is only 35 per cent of the number dmded. 

The gross data were broken domi in an attempt to determine whether 
the number of adhesions divided influenced the percentage result. Those 
heparin animals in which six or more adhesions were divided presented 
approximately tiie same percentage of recurrence as those with fewer 
adhesion.s.t 

In the earlier portion of the study heparin from the Connaught Lab- 
oratories was employed exclusively. After extensive testing on blood 
coagulation both in mtro and in vivo, we later shifted to Liquaemin, a 
dome.stic hcparin.§ The preliminary studies indicated almost equal 
effectiveness and equal nontoxicity of the two products. "When the 
results of intraperitoneal employment were dimded according to the 
jiroduct used (Fig. 2), there was a slight difference in favor of the 
Connaught material which averaged 30.7 per cent of re-formation as 
eomjiarcd to 41 per cent in a smaller scries of Liquaemin experiments. 
Tliis difference is believed to be within the limits of error of the neces- 
sarily crude method of quantitative measurement, although it corre- 
sponds roughly to the differences observed in the effect on blood coagu- 
lation of the two products. 

The rc.sults of repeated division of adhesions indicate that with the 
use of heparin progressive diminution of the number oeeur-s. When the 
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ADHESIONS WITH HEPARIN 

Third Rkport* 

Edwin P. Lkiijian, ]\I.D., and Floyd Boys, JI.D., Charlottesville, Va. 
(From the nepartment of Surgery anil Gynecology, the Vniversity of Virginia 

School of Medicine) 

VJ^E FUBLISIIEIJ, in 1940, two pi'climinaiy iiapers on the effect of 
* heparin in the pi'cvention of the reformation of experimental!}' 
produced peritoneal adhesions.’’ - The reported studies included experi- 
ments and control observations on fifty-six dogs, indicating an unmis- 
takably favorable effect of hej)arin. The rationale of the methods and 
its attendant dangers rvere fully discussed. 

The present report deals with additional experimental work. After 
the publication of the last paper tlie entire subject was reopened in the 
laboratoiy and restudied with greatly enlarged experimental and con- 
trol series. This step seemed important because of tlie danger that more 
skillful operative handling of adhesions witli added experience might 
have weighted the results in favmr of heparin. The new e.xperiments 
total twice as many as those previously reported. The present paper, 
recording more than 170 experiments, consolidates the older material 
■with the later results. 

methods 


At the start of the investigation, clinical conditions were mimicked in 
the production of peritoneal adhesions by creating an infectious peri- 
tonitis from fecal contamination caused by an intraperitoneal appen- 


dicostomy. The mortality from this procedure due to acute suppura- 
tive peritonitis was about 50 per cent; this wastage of animals was 
later avoided by employing mechanical damage to create adhesions. As 
the results of the two methods are approximately the same, no attempt 
will be made to divide the experiments reported according to the 
etiolo'y'^ of the adhesions. About six weeks after the operation to create 
dheslons (either by contamination or scarification), the abdomen W’as 
^ d the adhesions counted and, in the latter half of the study, 
reop ; Complete separation of all adhesions w'as then carried 

also dissection. After effecting complete hemostasis, 

out laige J nlncpd At this stage the animals rvere divided into 

the abdomen was ciusi-u. 

. j formed a part of tlio Hodjren lecture delivered by the 

• The rnaterial presenrea “f gt. ixtuls SurRlcal Society. St. Loulii, JIo.. Jan. 13, 
senior author on Invitation 
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DISCCSSIOX 

Although there have been rare individual failures of heparin, effect 
in the course of this study, the average results including such failures 
have been remarkably unifom. The data I’eported above seem to indi- 
cate that heparin is unquestionably effective in the dog in diminishing 
the number of adhesions re-formed following division. 

The results of this .study stronglj’- indicate the possibility that heparin 
may be made to play a role in the process of inflammation, particularly 
in its later stages. The prevention of fibrin formation in an exudate by 
heparin may modify the production of granulation tissue. The implica- 
tions of this possible mechanism are twofold. In the first place, as in the 
present experiments, the result may be a quantitative diminution of scar 
tissue. Prom this point of view the method may be practically applicable 
to many conditions in which sear tissue creates a diseased state in itself. 
As previously suggested,^ such conditions include adhesions -within 
joints, tendon .sheaths, and the perieardiiun as well as the peritoneum. 



2.-— -ComiKiri.son of the effecliv»*ne.''*t of two hrandn of lienarin in tiie nrevention 

flmVt'or' ‘li’ nillie.ioii^. Tlie .liffeix-iice ."iliown l.« probably wlUiln tlic 

nniit of t-rror of tlu* lorthotl of inctusuromont. 


In the second idace, the prevention of the development of granulation 
tissue which is it oonsliinl aecom paid men t of the healing stage of ad- 
vanced infhimmittory iirocesscs implies the retardation of recoverv. 
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original lieparin animals were subjected to a second division of adhesions 
followed by heparin treatment, the final number of re-formed adhesions 
was only 24 per cent of the number at tlie beginning of the experiment 
as compared to 168 per cent in controls (Fig. 3). In three of the ten 
heparinized animals tlie abdomen was completely free of adhesions, in 
one instajice wlien ten adIie.sions had been originally divided. In three 
other instances, only one adhesion remained and in two instances only 
two. With the omission of the only unfavorable experiment in this 
group, the average final re-formation rate for the remaining nine Avas 
17 per cent. 



. , nf all experiments and controls Including data alrciuly 

1. — Consolidated res data presented here are new. The blocks represent 

pubnfhea.h= Three-auarters of adhesions. 

the average percentag 

• 1 mrc has been taken with hemostasis, liemorrhage ha.s 
Since especia • . hazard. There have been as many as 101 

ceased to be an j applications of heparin after tlie division of 

consecutive intrape^o 
adhesions without bleedm.. 
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CONCLUSIONS 

1. Heparin administered intraperitoneally definitely diminishes the 
re-formation rate of divided adhesions in the experimental animal. 

2. The extension of the principle to other structures in ■which fibrosis 
may he harmful is suggested. 

3. The clinical application of the method in the peritoneal cavity is 
justified under indications and contraindications discussed elsewhere. 
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Careful quantitative studies are needed to determine whether wound 
healing is retarded and whetlier infections are prolonged bj' the exhibi- 
tion of heparin. 
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Finallri tl'e experimental results recorded above are so strildiig and 
tbP one dano'er of the method, namely hemorrhage, is so clearly defined, 
+ tbP clinical application of the principle in tlie prevention of peri- 
“ I adliesions is now considered justified. A recent reporC presents 
Itc of intraperitoneal lieparinization in fourteen clinical cases. 

'Ihe preparation of that report there have been several other case.s 
Since tl P fourteen cases reported, one patient died 

without comp ma gg tj,c result of unmistakably improper 

of intraperitonea imperfect jiostojierative obsem-ation. For 

choice of case coup including the indications, the contrain- 

details of the elmica ‘ precautions, it is urged that flic clinical 

dications, the 
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and subsequent doses of 0.25 Gm. per kilogram of body weight per day. 
This drug was also begun three days preoperatively and continued until 
sacrifice. The blood levels of the dogs were determined by the method of 
klarshall and Cutting* on the day of operation and on the day they 
were sacrificed. The control animals received no sulfonamides. 

Sixteen dogs were used in the experimental group in the sulfanilamide 
studies. The animals were sacrificed at selected postoperative intervals, 
namelj" four, five, six, seven, eight, nine, ten, eleven, twelve, and thirteen 
days postoperatively. In the sulfadiazine studies there were fifteen 
animals in the experimental group. These were sacrificed on the third, 
fifth, seventh, ninth, eleventh and thirteenth postoperative .daj-s. The 
control group consisted of sixteen dogs sacrificed postoperatively at 
intervals of three, four, five, seven, eight, nine, eleven, and thirteen 
days. The sulfanilamide, sulfadiazine, and control animals were all 
subjected to the same operative technique. 

Skin-Tcnsito 

Strength 

gm/cm. 



—Postoperative Daqs 

F/k. I. 

The skin of the right upper abdominal quadrant was used for llicse 
•studies. I'nder aseptic technique a transverse incision about 2 cm. 
in lengtli was made through the skin at this .site. After earcful hemos- 
tasis the incision was promptly closed with fine .silk interrupted sutures. 



EFFECT OF THERAPEUTIC BLOOD LEVELS OF 
SULFANILA]\IIDE AND SULFADIAZINE ON WOUND HEALING 

H. A. ZiNTKL, ]\I.D., D. B. Freshwater, M.D., J. D. Hardy, M.D., 
W. JJ. Harris, Jr., M.D., C. S. Neer, II, M.D., and 
S. AV. Robinson, M.D., Philadelphia, Pa. 

(From Ihe JTarrison Department of Surgical Jtesearch, Schools of Medicine, 
University of Pennsylvania) 


T he extensive use of the sulfonamides to prevent and control infec- 
tion in surgical wounds has raised the question of the possible effect 
that these drugs maj" have on wound healing. Several papers have 
already been published on tliis subject. It seemed that with the wide- 
spread use of these compounds in civil and military practice, and with 
the differences in opinion which have arisen, the subject might be in- 
vestigated further under different environmental conditions. AVe have 
studied the tensile strength of healing wounds in dogs receiving sulfa- 
nilamide and sulfadiazine. 

method 


Mongrel dogs ivere selected as the experimental animals. The tensile 
strength of the wounds and histologic studies were used as the indices 
of healing. Skin, fascia, and stomach wall ivere the tissues which were 
studied. °Since hypoproteinemia impairs wound healing, as has been 
shown by Thompson, Ravdin, and Frank,* serum protein concentrations 
were determined at operation and at the time the dogs were saenfice , 
using the method of Barbour and Hamilton.^ It should be mentione 
that the normal serum protein level of dogs is somewhat lower than 

tbot of man, being about 6.0 Gm. per cent. 

An adequate intake of vitamin C is also necessary for normal wound 
. i-.o. fLanman and IngallsU- This was insured by giving al the 

“S tLo7Xo«t .l.e =Hpcrime„l a diet ataple for all autritlon. 

J S in addition those animals receiving chemotherapy weie 
oAto^ acid daily with their sulfonamide dnip The 
animals were weighed at the time of operation and again at the time 

they drug levels were maintained in the experimental 

Adequate t P administration of the sulfonamides directly 

group of nnima ^ stomach tube. In the ease of the sulfa- 

into the stomac ■ powder in dosages of 3.0 Gm. daily were 

nilamide group, hours apart. The drug was begun 

given in tkree , and continued daily until the animal was 

three days dogs were given an initial dose of 0.5 Gm. 

sacrificed. The su 

^ . publication. Mo} - 
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No dressing was applied. On the daj' of sacrifice, the skin sutures uere 
retnoYed and an area two inches square was measured around this 
incision. This area of skin rvas dissected free from the underlying 
subcutaneous tissvie, pinned on a wooden block to its original size and 
shape, and a piece of the tissue including 1 cm. of the w’ound was 
stamped from the square by means of a steel die. The tensile strength 
of this piece of tissue Avas measured by the tensiometer method of 
kleade.'^ This method pror-ides a measure of the number of grams re- 
quired to disrupt an area of the rvound 1 cm. in cross section. His- 
tologic sections were prepared from a separate section of the wound. 


Stomach- Tensile 
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The stomach was approached through a midlinc abdominal incision. 
After exposure of the stomach an intestinal clamp was applied, and an 
incision exactly 2 cm. in length was made through the anterior wall 
of the eardia. ('arc Avas taken to avoid the larger A‘e.s.sc].s. The in- 
cision was promptly closed with two layers of interniptod plain 
000 catgut. Tlie first layer included mucosa and subniucosa, and the 
second iuelmled nuiseularis and serosa. Care Avas used to make certain 
that there was no bleeding from the Avound after the irastric clamp liad 
been removed. The peritojieum, fascia, and skin of the abdominal in- 
cision wore closed by means of fine continuous silk sutures. On the day 
of sacrifice the stomach Avas rcmoA’cd, and the tensile stremrth of the 
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MOund Avas then determined by the air pressure inflation mercury 
manometer method of Harvey and HoAves.® Histologic sections Avere 
also made of these AAOunds. 

The upper third of the left anterior rectus sheath Avas exposed and 
a transverse incision approximately 2 cm, in length AAas made through 
it and promptly closed Avith plain 0 catgut by interrupted sutures. Care- 
ful hemostasis A\as obsen-ed. On the day of sacrifice an area tAvo inches 
square AAas measured around the AAound site. This area of fascia AA'as 
dissected free from the underlying muscle and the tensile strength meas- 
ured in the same manner as that of the skin. Histologic sections AAcre 
made of the AAOund site. 



I —Control doff. No 33.. PliotomicroBrnph ol section through stoiimch In- 
cl..lon clcx.n dii>s postopcrntiNtb Complete repair of mucosa can be seen Muscular 
laxrs art healed 1» nhroblastlc proliferation -■'luscuiar 


The ojicratioiis A\crc pci formed under either sodium amylal ancsthe.sia, 
hO mg. i)ci kilogram of body a\ eight administered inliapcritoneally, or 
by the opeii-diop ether method. An asejitio technitiuc A\as emploted 
for all opeialioiis and eare A\as used to obtain perfect hemostasis. 
Tiaiima Atas minimized. TIic animals Atcre sacrificed bv giviii"- an 
intraeardial injection of ehloiofoim. Caieful handling of the AAound 
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of polymorphonuclear leucocytes, fibrin, and detritis. This was due 
partly to the trauma of operation and partly to postoperative trauma 
as no dressings were used. The extent of epithelization varied some- 
what in different dogs in both the experimental and the control groups 
,on comparable days. 

The results of the tensile strength studies of the stomach are ex- 
pressed in millimeters of mercury and no significant differences were 
found between those animals receiving sulfonamide and those used as 
controls. Little difference was found on histologic examination of the 
wounds in the dogs receiving sulfonamide and in the control dogs of 
comparable postoperative daj's (Figs. 7 and 8). IMucosal regeneration 
was, as a rule, complete in both sets of dogs from the seventh day. The 
submucosa, muscularis, and serosa were also fairly well healed by fibro- 
blastic proliferation at that time. There was no evidence of inflamma- 
toi-j' reaction, edema, or hematoma. 

The tensile strength figures for fascial tissue in control wounds closely 
paralleled those of the sulfonamide wounds, hlieiuseopically the healing 
appeared the same in both groups of animals. Inflammatory changes 
were not seen as often in these sections as in the skin group. This is 
accounted for largely by the fact that the skin wound was exposed to 
external bacteria and trauma during the healing period. 

In all six graphs there can be seen occasional wide variations in both 
directions from the general trend of the curves. These variations are 
seen in both control and experimental animals and have been noticed 
and commented upon in studies made by other workers. 

The sulfanilamide concentration varied in the treated group between 
2.3 and 30.8 mg. per cent, with an average of 19.7 mg. per cent of those 
levels taken approximately eight hours after the last administration of 
the drug. The sulfadiazine levels were between 6.7 and 36.4 mg. per cent, 
with an average of 17,7 mg. per cent. The specimens for sulfadiazine 
levels were taken approximately twenty-four hours after the last drug 
administration. 

The body weight of the dogs was satisfactorily maintained and only 
two of the forty-nine dogs had serum protein concentrations below nor- 
mal, both of these being 4.7 dm. per cent. Neither one of these two 
animals showed significant variations from the final tensile strength 
curves. 

DISCI'.SSION 

(bir results seem to indicate that sulfanilamide and sulfadiazine in 
ade(pmte concentrations in the tissue fluids do not retard or inhibit 
wound healing. Tlie eurves of healing of the control animals as com- 
pared to those of the experimental groups are practically identical and 
histologic studies revealed no striking differenees. This is true of .skin 
fa.scia, and stomach wall in dogs. 
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RESULTS 

As shown in Figs. 1 to 6, tliere was found to be no appreciable differ- 
onee between the tensile strength of the skin wounds in those animals 
receiving sulfanilamide and sulfadiazine, from those of tlie control 
Vherever possible, two or more dogs were used to determine 
group. sacrifice. It should be pointed out that our 

the averag fi^uves are a little lower through the experiment tiiaii 
tensile stren i n stretched the .skin to its orig- 

those given l^efore cutting the specimen. Other workers have 

inal size anc s lap tissue to eontrael before cutting the speci- 

not done this, a ov o ^ nefual ti.s.sue in tlieir specimen than we 
men, and thus me ^ pf thc.se skin wounds showed some in- 

did. Histologic stiiUie^ ^.j^j^ing degrees as evidenced by the ])resence 
flammatory reaction o « . 







A STUDY OF THE PHYSICAL FACTORS CONCERNED IN 
INPLAililATION 


I. The Role or Htdrostatic and Physicochemicae Forces in the 
Establishjient of Certain Equilibria* 

Carroll J. Bellis,! IM.D., Ph.D., Minneapolis, Minn. 

INTRODUCTION 

General DefiiiHion of the Inflammatory Process 

A DAMP lias eliaraeterized inflammation as the reaction of irritated 
or damaged tissues ndiich still retain vitality, being essentially a 
process of adaptation of the organism. It consists of a series of changes 
locally manifesting the attempt at repair of actual or referred injury to 
a part. Cohnheim”* considered inflammation as a process to reduce the 
harmful consequences of injury, and OpiC" defined inflammation as a 
process by means of ivliich cells and .serum accumulate about an injuri- 
ous substance and tend to remove or destroy it. Excellent descriptions 
of the inflammatory process liave been recorded, and each observer has 
attempted to rationalize the clinical and micro.scopic appearance of the 
inflamed tissues on the basis of the underlying histolog}’. Virchow em- 
phasized that the increased metabolism of the inflamed area was due to 
the inerea.sed nutritive demands of the involved tissues. 

Cai>illarics iii inflammation. — ^William Harvey^° noted the many 
circunistaiiees wliicli altered the blood flow, and Burke attempted to e.x- 
plain the inflammatory process primarily as a result of capillary dilata- 
tion. Using a plethysmograpli with photograpliic recording, Burton’® 
showed that from full constriction to full dilatation there was an in- 
crease from 5 c.e, per min. per 100 Gm. tissue to 60 e.c. per min. per 
100 Gm. tissvic. 

After Baylcss and GaskelP- had shown that carbon dioxide is a capil- 
lary dilator, Findlay^'' .stated tiuit histamine-like substances liberated at 
the point of injury caused a local dilatation of the small vessels and 
arterioles and an iuereased permeability of the local vessel walls. This 
same conception has been held by othci’s (Dale and co-workers"'’), and 
Harris showed that vasodilatation in the submaxillary gland may be pro- 
duced by the collection of metabolites and that the production of osmoti- 
cally active substances greatly increased filtration. 

Although Ricker and Rogendanz” had maintained that the capillaries 
in infiaimnalion are not more permeable and that the composition of the 
edema fluid could be explained by increased intracapillary pressure, 

•.S.-Cllon of n Uk"*!!! fUhinUt.a to tho ffrioKcito FncuUv of the Fnlv.Tsity of Mliino- 
j-olii^ In po^rtl.Tl fiiianim nt of tho rohulrcnionts for tho doproo of Doctor of Phllo-opliy 

tNow nt O-Uollly noiiornl Hor|ill.'il, s-iirliicfloM. Mo. (F. S. Anity .Mcllc.il Corn..) 
Itoclvotl for iiuhllrotlon. Fob. H. lfi|2. 
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All early re])orl by Brieker and Graham” on the effect of oral ad- 
ministration of sulfanilamide on the stomach wall of dogs at the third, 
fifth, and seventh jiostoperative days seemed to indicate that this drug 
had an inhibiting effect on wound healing. Their experiments did not 
extend over all the phases of wound healing, going up onl.v to the 
seventh postojierative day. Taffel and Harvey,' working with the same 
drug and studying gastric wounds in rats, found no change in tlie rate 
of healing. 

Key, Frankel, and Burford,® using local sulfanilamide implantation 
in muscle, fascia, and subcutaneous tissue of dogs, obtained findings 
similar to our own. Recently Harbison and Key,^“ using sulfanilamide, 
sulfathiazole, and sulfadiazine implanted locallj’’ in wounds in rats, 
found no significant retardation of healing. 

Our findings confirm and extend the observations of recent workers 
in this field avIio have shown that sulfonamides have no inhibiting effect 
on wound healing, when adequate concentrations in the blood are main- 
tained and when caking in tlie wound is prevented. 


CONCLUSIONS 

1. Sixteen dogs fed sulfanilamide b.v intubation and sixteen control 
dogs were studied from the standpoint of tensile strength and histologic 
picture of surgical wounds made in the stomach wall, the fascia, and the 
skin at four-, five-, six-, seven-, eight-, nine-, ten-, eleven-, twelve-, and 
thirteen-day intervals. No appreciable difference was found. 

2. Fifteen dogs fed sulfadiazine were studied in a similar manner at 
the third, fifth, seventh, ninth, eleventh, and thirteenth postoperative 
days and no significant difference was found. 

3. Therapeutic sulfanilamide and sulfadiazine blood levels do not 
inhibit wound healing. 
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(Drinker and Field Coneklinp' K. Magnus j"*' Cliurcliill, Hakazaiva, 
and Drinker d” Peters and Bbhnp-) . ‘ 

Lympli formation and the character of exudates have received con- 
siderable treatment in the literature, and iMej'er'’^ has adequately dis- 
cussed the origin and removal of edema fluid. It is generally conceded 
that subcutaneous ljunph and plasma are nearly identical in chemical 
composition except for proteins and .substances (phosjihorus and cal- 
cium) combined with protein (Underhill and co-workei's and Drinker 
and Field-"). Subcutaneous Ij-mph in the human being has been found 
to contain as high as 3,5 per cent protein, the albumin-globulin ratio 
being the same as that in the corresponding blood plasma. 

The fibrinogen content of blood plasma in acute infections is mai’kedly 
increased and this may account for the gelatinous matrix of the inflam- 
matory field. This exudate, -when rendered cell free, is far more bac- 
tericidal than is the blood serum of the same animal, but it appears that 
leucocytic products are largely responsible for this activity, 

Regional Lymph Flow 

In the horoe, a volume of lymph equal to that of the blood may be 
obtained in twenty-four houi’s. Starling"’’ showed that in order to get 
any lymph at all for study in the nomal animal, one has to knead or 
passively move the limb. This pi’obablj- increases the protein content so 
that “normal” figures are inaccurate. In edematous tissues, however, 
the connective tissue tends to hold the Ij-mphatics open so that thei'e is 
a greater lymph flow, the oncotic pressure of the blood opposing the 
eapillarj’’ filtration pressure. Exercise, heat, and inflammation increase 
the IjTuph flow and pressure (JIcMaster and collahoratoi-s^^), and, in 
fact, if mildly inflamed, lymphatics Avill allow the diffusion of otherwise 
indiffusible dyes through their walls. 

Prom a clinical standpoint, it is interesting that Parsons and Mc- 
Master discovered that pulsatile perfusion of rabbit ear blood vessels 
caused fifteen to twenty times more I’apid l.™iph flow than when con- 
stant blood pressure vas applied, despite the fact that in many instances 
loss blood flow per gram of ear oecurred. Edema sometimes developed 
during the course of a pulsatile transfusion, concurrent with an enor- 
mous increase of lymph flow, although the volume of blood perfused was 
relatively small. 

Slaicmcnt of the Problem 

Although the sulfonamides at present begin to hold out some hope in 
the stemming of spreading infection, there has yet appeared no im- 
munohigic agent to unburden the surgeon of his struggle vith this type 
of condition. As Wangensteen'"' has pointed out, the surgeon has learned 
that incision of e.vtending areas of phlegmon and cellulitis does not 
stem the spread of infection, that, in fact, such procedures do harm. 
Whether such an infection be in the soft tissues of the arm. leg. brain, 
or lung, the surgeon must restrain himself and support the natural 
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otlier observers insist that the capillaries are rendered liighlj’’ permeable 
during inflaniniation. Still other investigators have explained the ap- 
parent increased permeability as being due to capillaiy stasis and open- 
ing of arteriovenous anastomoses (Clark and Clark^") with establish- 
ment of a greater capillary bed. 

The papers of Sir Thomas Lewis'*® record bis experiments on capillary 
reactivity, particularly as regards wheal formation. In his words, “. . . 
tliere exists in the skin a single and organized mechanism of defense 
against injuiy of all kinds and . . . the agent which alarms the garrison 
and mobilizes the first forces of this defense is a chemical agent derived 
from the tissues . . . being independent of higher centers of organization 
(nervous) and of distribution (A’ascular).” 

Diapedesis . — AVith the dilatation of capillaries in the inflammatoiy 
field and the resulting slowing of the stream, margination and emigration 
are coincident phenomena. Arnold'* insisted that diapedesis took place 
through preformed stomata in the capillary wall. The French school 
strongly believed in diapedesis as an active process induced by contact 
of the capillary wall 'nnth bacteria or their products. Fischer’® led a 
school which did not believe in capillary stomata. He showed that 
erythrocytes could pass through gelatin by gravity or pressure without 
leaving holes or an}" other traces, just as mercury will pass through 


solidified gelatin. 

Abramson* was probably the first to investigate the intimate relation- 
ships between electrostatic charges on the blood cell surfaces and that 
on the capillary walls. Although it had been known for a long time that 
dead or living bacteria or their products were strongl.y ehemiotaetic, it 
was not until the studies of Falk and his co-workers®® that the electro- 
phoretic potential of bacteria and leucocytes was quantitated. 

The brilliant papers of Abramson on the alteration of electrostatic 
charge induced by inflammation should be reviewed by every student of 
the subject Briefly, it appears that nonnally blood cells (Beilis and 
Scott*®) and capillary membranes possess a negative charge (thenno- 
■ and electrokinetic potentials). In inflammation, the potential 
'^'^^i™capillary is reduced causing attraction of leucocytes (margina- 
) diapedesis resulting from the increased potential difference be- 
tion;, gpiioictal micelles in the tis.sue spaces and the leucocytes. Both 
IreThermod^mamic and electrokinetic potenlials on the k 
on the erythrocyte because of the greater size 
gi-eater t an greater reduction of potential on the capillary is 

cocyte; hence, « ^''margination and migration of erythrocytes. In 

oven tlli» tnte pl»cc. 

' Pcrrncaim of Capillancs io Prohn, 
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Heat aggravates filtration through both normally and abnornially 
perraeable capillaries, and therefore the temperature of the shin should 
be a reflection; in part, of the amount and rate of capillary filtration and 
swelling. Therefore, skin surface temperatures were measured in nor- 
mal extremities and in many types of inflammations. At the same time, 
the abnormal capillary permeability was studied by determining the 
specific gravity and protein content of the edema fluid. 

Having made these clinical observations, it wa.s determined to alter 
and control the conditions in the experimental animal, to establish, if 
possible, a predictable basis for evaluating certain of the factors. It was 
proposed to determine, in the same animal, the oncotic pressure exerted 
by the blood on one hand and the tissue fluid on the other, as well as 
the capillary filtration pressure and the resistance of the tissues to dis- 
tention. Special observations were intended of the volume changes 
occurring in experimentally inflamed extremities, the pH of the edema 
fluid, and the relation of the edema fluid protein concentration to plasma 
protein concentration. The rate of lymph flow in the Imuphatics drain- 
ing an inflamed area .should be different from that draining a normal 
area and it was planned to study the rate of this flow. 

Finally, the results obtained by immobilization and elevation of in- 
flamed extremities were evaluated by a questionnaire sent to a large 
series of patients so treated. 

METHODS AXD EXPERIMENTS 
Position and Blood Flow in the Patient 

Arterial Blood Pressure . — In twelve individuals the radial .systolic 
blood pressure was determined with the arm (1) horizontal, that is, in 
the plane of the horizontally lying individual; (2) elevated perpendicu- 
lar to the body; and (3) dependent perpendicular to the body over the 
side of the bed. These results were then tabulated. 

Skin Surface Temperatures . — The skin surface temperatures of a 
finger in each of five normal individuals were determined in the hori- 
zontal position and after one hour of elevation perpendicular to the 
liorizontal. using the apparatus of Beilis and Cook.® 

In each of six men, the skin surface temperatures along both lower 
e.xtreniities were determined with both extremities in the plane of the 
horizontal trunk, and after having maintained the right lower extremitv 
elevated for about twelve hours at an angle of f50°. The skin .surface 
femperature.s of another iudividtnd were determined before and after 
twelve hours in semi-Fowler's position. 

Tissue Tc)mo7is in the Patient 

Xormal Tissue Tensions. — Landerer'”' appears to have been the first to 
consider liie importance of tissue elasticity or tension in eounterhalane- 
ing capillary filtration, lie used a direct manoiiietrie system witli a 
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defenses of tlie body, Mdtlihokliiig actual surgical intervention until 
signs of localized suppuration are evident. Tijen, and only then, sJiould 
incision and drainage be established. 

Formerly, tlierapy was direct at reduction of the effects of infiaffinia- 
tion, btit more recent!}' it was .suggested by some pathologists that the 
accompanying sweUing was useful and helped fix the infection locallj' 
and lessened the tendency to centripetal spread. A boil, so to speak, was 
small ijrice to pay for protection from pj'emia. Mindful of this Bier" 
sought to increase the heat and swelling attending infection by applica- 
tion of heat, by obstructing the venous return, and b}' cupping. Noetzel 
believed that there is a current of tissue fluid established by Bier’s 
hyperemia, the new transudate being bactericidal and the h.vperemia 
stimulating fibrosis. 

Undoubtedly, inflammatoiy exudate possesses immunologic properties; 
yet, the impression cannot be avoided that tense edema is harmful, the 
factor limiting the transudation being the distensibility of the tissues. 
It has been observed clinically that elevation, immobilization, and avoid- 
ance of heat accelerate the clearing up of infection and ai'e accom- 
panied by striking relief of pain. 

The stimnlation to investigate the underlying physical factors in 
inflajumation came from these elear-cnt eliJiieal observations, and an at- 
tempt wa.s made to correlate these factors with the treatment. It was 
expected tliat exact quantitation of certain values would not be possible, 
nor would all the factors be known. However, it was necessary that 


certain quantitative as well as qualitative data (as observed in the 
clinic) be obtained under experimental control. 

To this end, the relation between position of an extremity and the 
svstolie blood pressure distall}' was determined, since elevation is known 


to reduce the hydrostatic force of the systolic blood pressure in direct 
ratio to the degree of elevation of the part. What effect elevation has on 
the systolic pressure should be reflected in the skin surface teinperature.s. 
It was therefore, proposed to measure these temperatures in tlie liori- 
zontalposition and after elevation of the extremity. 

Tissue swelling occurs through the agene.v of increased capillary 
rmeability and^intracapillary pi-e.s.sni'e. The increasing tissue pi'es-siire 
venous compression and augmeiited venous pre.ssure witii a 
I ther increase in intracapillary pressure. This cycle augments further 
luLinn of fluid into the inflamed area. It wa.s obvious that in order 
” 1 f Pffepts of tissue tension, normal ti.ssne fensioft.s and then 

to evaluate j,,,, to be determined, 

the tensions a formation as to the relation of position to blood 

Having ‘^"“.rprw in inllamm.lta. i( f«I- 

flow and the degree inflamed extremity must he ineren.sed over 

lowed that the 1 0 luue^ gravity on a normal extremity 

that of the norma . l],g volume differences in various types 


lOWCU g, 

that of the normal. ti>e ac . 

of iuflanimatjons vere 



BELLIS: PHYSICAL FACTORS IN INFLAJIJIATION 


257 


eases the pressures ivere determined before immobilization, and in 22 
cases the intramuscular pressures were determined after partial im- 
mobilization. The pressures were also obtained in a shorter series of 
miscellaneous alfections. 

In a series of twenty cases of inflammations involving either an upper 
or lower extremity in which the skin surface temperatures were also 
measured, the tissue tensions at several corresponding points in the af- 
fected and unaffected extremities were determined. 

Position and Volume Changes in the Human Being 

It has been known for a long time that quiet standing leads to hemo- 
concentration, manifested by an increase in tlie specific gravity of the 
blood and plasma and decrease in circulating blood volume (Bohme;” 
Han’op and 'Waterfield Thompson, Thompson, and Daily and You- 
mans'D- Venous congestion has been shown to have a similar effect 
(Kowe,“‘ Plass and Kourke,”'* and Reiss^‘). 

It is not surprising, thei-efore, that attention has been directed bj' 
many observers to the increase in volume of an extremity when it is 
dependent or ivhen the venous return is partly or entirely occluded 
(Atzler and Herbst,” Stead and Ivunkel,°® Wells, Waterfield,®^ Jlende,'** 
White and Jones,®® Drury and Jones.'®) Mosso, using a delicate balanc- 
ing board, found that when a subject assumed the horizontal position 
after standing for some time, the weight of the feet end of the board 
only slowl}' decreased, in spite of the fact that presumably the excess 
blood leaves the lower extremities almost immediately. 

Pigs. 2 and 3 show the brass chambers used to determine the leg and 
arm volumes, respectivel.v. Each chamber is used in an identical man- 
ner. Several water outlets tap the chamber, and a manometer on the 
outside indicates the water volume at any level. For a determination, 
the extremity is dipped into the chamber nntil it tonehes the bottom. 
An adjustable .step in the leg chamber facilitates its use for individuals 
with shorter legs. With the extremity in place, water is run in until it 
overflows the desired outlet, the outlets below being clamped. The e.x- 
tremity is tlien removed and the volume difference is noted on the 
manometer, indicating the volume of the extremity. 

Determinations were made of the difference in volume of the lower 
extremities of fourteen volunteer interns upon arising in the morning 
and retiring at night. The volumes nei'c determined immediately iqion 
arising and .pist before retiring. 

In six cases of inflammation of the extremities, the decrease in tis.suc 
tension nas compared nith the decrease in volume after elevation. 

In seventeen cases of innammatiou of an extremity, the increased 
volume of the affected member over that of the opposite normal extrem- 
ity was determined, except in a few cases njiere an estimation of the 
volume was made by measuring the circumference. 
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needle inserted into the tissues. The apparatus we rised for direct 
measurement is shown in Fig. 1, and consists of a needle assemb].y which 
is eoimected to a pressure bulb manometer. A little saline solution is 
aspirated to any convenient level in the glass adapter which has a capil- 
lary bore. The needle is then inserted into the tissue to he studied and 
the needle assembly connected to the bulb and manometer by means of 
the cock. Press\n-e is then made on the rubber bulb, using the screw 
clamp, until the saline meniscus in the capillary just starts to descend. 
The manometer is then read, corrected for capillarity (about 2 to 3 cm. 
of saline solution for a 0.5 mm. capillary bore) and the reading assumed 
to be the tissue tension, really the resistance to distention. 



In a series of 103 patients visiting the medical outpatient clinic, the 
subcutaneous tissue tensions in the dorsum of the hand and midthigh 

were determined. ■ . ^ 

Since it is Iniown that the intramuscular pressure is higher ni con- 


tracted than 3n 


relaxed muscle, we raea.sured the intramuscular pros- 


ntv-ei"ht ambulatory patients and twenty-six patients who 
sures in we . c muscles used were the biceps 

had had severa femoris, and the tibialis antieus. 

braclni, (e . In a .series of fractures, the inlra- 

Tissiic Tcnsionx nressiire.s were determined. In twenty-six 
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cases the pressures were determined before immobilization, and in 22 
cases the intramuscular pressures were determined after partial im- 
mobilization. The pressures ivere also obtained in a shorter series of 
miscellaneous affections. 

In a series of twenty cases of inflammations involving either an upper 
or lower extremity in which the skin surface temperatures Avere also 
measured, the tissue tensions at several corresponding points in the af- 
fected and unaffected extremities irere determined. 

Positim and Volume Changes in the Human Being 

It has been known for a long time that quiet standing leads to hemo- 
eoncentration, manifested by an increase in the specific gravity of the 
blood and plasma and decrease in circulating blood A’olurae (Bohme;’^ 
Harrop and Waterfield-,^^ Thompson, Thompson, and Daily,®” and You- 
mans®'). Venous congestion has been shown to have a similar effect 
(Eoive,®^ Plass and Rourke,®” and Reiss®*). 

It is not surprising, therefore, that attention has been directed by 
many obseiu’ers to the increase in volume of an extremity udien it is 
dependent or when the A’enous return is partly or entirely occluded 
(Atzler and Herbst,® Stead and Kunkel,®® Wells,®® Waterfield,®^ Iklende,^* 
White and Jones,®® Drury and Jones.^®) hlosso, using a delicate balanc- 
ing board, found that ivhen a subject assumed the horizontal position 
after standing for some time, the weight of the feet end of the board 
only slowly decreased, in spite of the fact that presumably the exeess 
blood leaves the lower extremities almost immediately. 

Pigs. 2 and 3 show the brass chambers used to determine the log and 
arm A-olumes. respectively. Each chamber is used in an identical man- 
ner. Several water outlets tap the chamber, and a manometer on the 
outside indicates the water volume at any level. For a determination, 
the extremity is dipped into the chamber until it touches the bottom. 
An ad.iustable step in the leg chamber facilitates its use for individuals 
Avith shorter legs. With the extremity in place, water is run in until it 
overflows the desired outlet, the outlets below being clamped. The ex- 
tremity is then removed and the volume difference is noted on the 
manometer, indicating the volume of the extremity. 

Determinations were made of the dilTcrence in volume of the lower 
extremities of fourteen volunteer interns upon arising in the morning 
and retiring at night. Tlie vohunes were determined immediately upon 
arising and .fust before retiring. 

In six cases of inflammation of the extremities, the decrease in tissue 
tension was compared with the decrease in volume after elevation. 

In seventeen cases of intlannnatiou of an extremity, the increased 
vob\mc of the affected member over that of the opjio-itc normal extrem- 
ity was determined, except h, a few cases where an estimation of the 
vtihiino wits inado hy nioasurin^ the eireuiuference. 
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Skm Surface Temperatnres in Inflammation 

In tliirty-five cases of inflammation of the extremities, the skin surface 
temperatures of the normal and affected extremity in each case were 
determined. In many cases, A'olumes of the extremities and tissue ten- 
sions were also determined. 



Fiff. 2.— Brass chamber for measuring volume of lower c.xtremlty. 

Protein Content of Serous Exudate in Human Inflammations 
T ton cases of inflammations of tl.e extremities, tlie .specific gravity 
subcutaneous edema fluid was determi.ied (Beilis"), and the pro- 

3 in content calculated as serum. 

Inflammation in the Expermcntal Annual 

f pxnerinientallv induced inflamniation, rabbits were 
For the purpose ot -1 nne.stbetizcd and one car or ex- 

ised in most cases, tn^ ^ ,„.elvc hours tins 

treinity held m 
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gives an edematous extremitj^ ivitli most of the characteristics of human 
inflammation. 

In five animals the affected extremity was placed in an air plethj’smo- 
graph and the volume changes noted. In addition, the blister fluid was 
analyzed for protein and nonprotein nitrogen. 

In four animals the edema fluid protein was compared ivith the plasma 
protein, the edema fluid pressure was determined, and the volumes of 
the extremities measured. Edema fluid was readily obtained, either by 
aspirating a blister or nicking the skin superficially and allowing it to 
flow out into a small test tube. Oxalate must be present to prevent 
coagulation, since the edema fluid contains so much protein that coagu- 
lation takes place quite readily. 



w 0 


W W1NOO>V 

O OLKS TUBC 0/^0^£ 

vtHTCR cx/rurs 
04) 

rU:. .'I.— nrn.MM chnmlMT for mr>n.«tirlnf; volu*n»' of upper ('Xtri nUty. 

To determine the enieieiicy of otlier irritants in producing inflamma- 
tion. four j)iei)ald rats were injected subcutaneously with 0.1 c.c. of 
erotoii oil. 0.1 e.c. saturated sodiiiiu chloride .solution, 0.1 ee half- 
saturated peptone solution, and 0.1 e.c. of mustard oil. Since Jqtmlly 
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Skin Surface Temperatures in Inflammation 

In tliirty-five cases of inflammation of tlie extremities, the skin surface 
temperatures of the normal and affected extremity in each case were 
determined. In many cases, volumes of the extremities and tissue ten- 
sions were also determined. 



W WINDOW 
& OIKS TUBE OBOE 

V WBTER OUTLETS 
04l 


j-lg n _Brass chamber for measuring volume of lower extremity. 

Protein Content of Serous Exudate in Human Inflammations 

oaves of inflammations of the extremities, the specific gravity 
flhe subcutaneous edema fluid was determined (Bellis«), and the pro- 
content calculated as scrum. 

Inflammation in the Experimental A nimal 

f pvnerimentally induced inflammation, ralibits were 
For the ‘ ane.sthetized and one ear or ex- 

nsed in most cases, the an . ^ ,eeonds. In twelve iionr.s tin's 

, remit)- hcia i" 
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ill phj'siologie saline solution, adjusted to pH 7.3 •vritli potassium acid 
phosphate solution communicating -vvith a finely adjusted syringe, a 
mercury U manometer and the cannulating unit. The latter consists of 
fine flexible copper Avire tubing attached by a rubber pressure tubing 
connector to a short length of heavy glass capillary tubing flxed in the 
jaivs of the micromanipulator. In turn, by means of beeswax the heavy 
capillary tubing is flxed, end on, to the micropipette. 

Although an electric heating apparatus is available for drawing the 
pipettes by a falling weight, better yields are obtained bj' draiving them 
by hand; that is, about one of every fifty meets the requirements. The 
diameter of the tip, examined under the microscope, should be between 
8 and 15 /i in diameter and should be angled at 20 to 30°. A Spencer 
binocular dissecting microscope (magnification x85; 12.5 ocular; objec- 
tive x6.8) in conjunction Avith a Spencer unh'ersal microscope lamp is 

1- Lamp 

M Dissecting /^icroscopt 
C Ch3mbers fl/cromsnipuf^or 
P Micropipefte 
T Copper Tubing 
flercury fl^nowtfer 



Flp. 4. — Apparatus? for direct mcasuremont of capUlarj' pressure. 


used. Tile pipette must be dust free, or else tlie fine tip Avill be plugged 
witli dust granules. Therefore, a considerable quantity of citrate solu- 
tion is used to flush the tip, the flushing process being obsei-ved through 
the microscope. The skin to be penetrated is steadied by sandbags and 
covered Avith a thin film of glycerin to uA’oid multiple reflections, and the 
microscope lamp is so angled that the reflection is not passed to the 
observer. 

Using the Chambers micromanipulator, the pipette is passed through 
the skin, maintaining ubimt 1 mm. llg ]iositive jiressnre. ImmediatclA', 
the cajiillary seen a moment before as a curling string of coriuiscles Avith 
a steady flow at one end and .-i i.uls.-.tilc flow at the other end. di.sajqiears 
from view. Tins is due to a elaminng shut of the little vessels, i,robably 
reflex. The observer then Avails for three or four minutes, foiiowin- 
which the capillary reopens. The pipette is then brought closer and 
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edematous areas Avere produced by each agent, some experiments were 
undertaken in rabbits. In one rabbit, 0.1 c.e”.’ saturated sodium chloride 
solution and in anotlier rabbit 0.1 c.c. half-saturated j^eptone solution was 
injected subcutaneously Avith no inflammation at the end of tAA'enty-fonr 
hours sufficient for experiment. 

Since croton oil seemed to haA'e the desired inflammatory effect, 
inflammation aa’Os produced by this medium in three rabbits, the A'oluraes 
of the inflamed ears and legs AA'ere determined, tlie edema fluid pressures 
determined, and the edema fluid protein compared AA'ith the plasma 
protein. 


In four rabbits, complete lAhysieal studies AA’ere made. In each, the 
tarsosural region aa’Us depilated AAuth barium sulfide and a sample of 
cardiac blood aspirated for conti’ol serum protein determination. The 
animal AA’as then anesthetized and the depilated extremit.A' immersed in 
water at 60° C. for one minute, TAA’enty-four hours later the serum 
protein AA-as again determined and the animal reanesthetized. The tissue 
fluid pressure, its pH by the indicator method, and its protein content 
Avere determined. The pH of the blood plasma Avas similarly determined. 
Capillarj’' pressures were obtained by intubation of capillaries in the 
inflammatory field. Finally, the A’olumes of the extremities Avere deter- 
mined. The pH A'alues AA’ere obtained because some investigators have 
cited significant changes in inflammation. 

Any study of inflammation must, of necessity, consider the A’acillating 
capillary pressure, the determination of AA’hich is delicate Avork. Capil- 
laries in the living individual have been adequately described bj’ many 
obserA’ers, but the determination of their intraluminal pressures has 
defied investigators until quite recentlj’. 


The blanching pressure and the pre.ssure required to stop bleeding 
ire inaccurate methods since they occasionally give values loAver than 
renous pressure in the same indiA'idual. The figures so obtained are 
probably the pressures required to empty tlie subpapillary venous 
plexuses. The pressure necessary to preA’ent Avlieal formation also give.s 
abnormal reading. The slightest A'ariations in the surroundings may 
[ead to remarkable changes in the capillarj’ diameter and its pre.ssure; 

■ fflot canillarA’ pressures ranging from 1.5 to 71 mm. Hg have been 
receded for the normal (Strax and deGratf-). 

tt • o- the method of Lombard^* and Landis, micropipetfes can be 
Using tube.s, and capillary cannnlatioii aceomplislied 

drawn ,„ieromanipulator. The apparatus'* is diagrammed 

assembled for E-wntially, it is composed of tivo units 

m Fig. 4 as “ “ or depcndeutly. On tlie right is tlie pres- 

fuiictioiiing uit^ consists o£ a re.servoir of 0.3 per cent sodium citrate 
sure Sjsteni. . nr Ceorpp IZ. K.ibr of tin. .Mlimra colls 

tlwOUBl' ‘h® 

Hospital. 
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directed toward the mid-portion of the capillary, and, if possible, op- 
posite to the direction of the stream. Entrance into the A’essel is evi- 
dent when a stream of corpuscles travels up the pipette. Gradual pres- 
sure is then made hj' means of the syringe until the corpuscles pulsate 
but do not move. The pressure is then read on the mercuiy manometer. 

Capillary intubation in the anesthetized rabbit is especially difficult. 
The rapid, jei’ky respirations not only make it difficult to focus the 
capillary but tax the patience of the operator in his efforts to pierce the 
.ierking vessel. In fact, penetration must be accomplished in an interval 
between respirations. Fracturing of the cannula tip, making its discard 
necessary, is often a discouraging result of the respiratory jerking of the 
leg. 

The animals were anesthetized with intravenous pentobarbital sodium, 
and no information is available as to the effect of the anesthetic itself 
on the eapillaiy pressure. 

In order to study the flow in the lymphatics fi’om inflamed areas, 
three dogs were used. Each animal was anesthetized with intraperitoneal 
pentobarbital sodium (35 mg. per kilogram). In one, the skin of the 
front of the foreleg and hack of the hindleg was incised and retracted 
and 2 c.c. of 2 per cent aqueous trypan blue injected into each foot pad. 
Light passive motion of the foot immediately brought the lymphatics 
into view as blue streams of a moi'e purple color than the veins. Using 
a hand lens, a large lymphatic trunk was cannulated with a fine glass 
cannula. With an a.«sistant counting the number of drops falling, the 
flow was determined after massage and passive motion, and. finally, 
after immersing the paw in a beaker of water at 60° C. for one minute. ^ 
An identical procedure was done in a second animal except that the 
heating temperatnre was 45° C. In the third dog, lymph flow was 
determined without heating the paw. 

RESULTS 

PosHioti awl Blood Flow in the Patient 

Arterial Blood Pressure . — The average radial systolic blood pre.s.surc 
in twelve individuals was 27 mm. Ilg higher with the extremity in the 
horizontal position than in the elevated jmsition, and 44 mm. Ilg higher 
with the extremity dependent th.-in in the elevated position. An average 
increase of 17 mm. Ilg took place when the extremity was brought from 
the horizontal to tlie de]iendent position (Table I). 

Skin Siirfaei Teiiii>erntiires . — In (ive normal individnals, the average 
skin surface temperature of the finger tip was 4.4° C. lower than .nt 
horizontal position after elevating the extremity peri)endicular to the 
horizontal trunk for an hour (Table II). 

In six individuals, the temperaturi's in the foot and toes were de- 
pressed from 2 to 5^ after elevation at (i0° witli the horizontal poxiijon 
for twelve hours (,7'ahle 1 11 is a typical ease). 
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Table I 

ErrECT ON Systolic Blood Pressure 


(MJi. Ho) of Positioning Arii 


NO. 

IIORIEONTAL 

(n) 

ELEVATED 

(E) 

DEPENDENT 

(D) 

E'll 

DIFFERENCES 

H-D 

E'D 


9ti 

so 


IG 

34 

50 ■ 


lOG 

90 


IG 

20 

3G 


120 

92 

132 

28 

12 

40 


lOG 

94 

lie 

12 

10 

oo 


lOS 

90 

114 

IS 

G 

24 

0 

120 

98 

132 

22 

12 

34 

7 

110 

7G 

IIG 

34 

6 

40 

s 

88 

GS 


20 

22 

42 

9 

108 

6G 

116 

42 

8 

50 

10 

124 


150 

44 

26 

■ 70 

11 

120 

7G 

148 

44 

28 

, 72 

12 

110 

7G 

128 

34 

IS 

52 

Average 



27 

17 

44 


Table II 

Effect op Elevation on Skin SimrACE 
Temperatures op Fingers (° C.) 


NO. 

IIOUIZONTAL 

ELEVATED 

TEMPERATURE DIFFERENCE 

1 

29.3 


3.S 

2 

30.0 


4.0 

3 

27.4 


3.4 

4 

30.4 


C.2 

5 

32.5 


4.9 

Average 



4.4 


Table III 

Skin Surface Te-mperatures (° C.) BEFOjtE and After Elevation 
OP Bight Lower Extremity for Twelve Hours 


region 

rpper thigli 
.ower thigli 
Ipper tibin 

LTiWe 

)or?um foot 


BEFORE elevating 

THE RIGHT LEO 


right 


33.7 

.33.1 

3.3.5 

34.0 

33.7 


LEFT 


.32.9 

33.1 

.34.3 

.3.3.7 


AFI'ER ELEVATING 
THE RIGHT LEO 


.32.5 

?.2..3 

29.3 

29.3 

27.1 


LEFT 


32.3 

no r: 

.JO ^ 

.3.3.1 

.3.3.7 


Table IV 


kvefot of twelve Hours’ Semi-Fowler’s Position on Skin Surface 

EFFECT O rpj.jjj.F,.ATURES OF LOWER E.XTREMITIE.S (° C.) 



region 
rpper tliigb 
,owcr thigli 
Ipper tibia 
lidaic tibia 
twkle 

lorsum foot 
lase great toe 
a ctlial tp-eat toe 
ise In volume = 


350 c.c. 
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After twelve hours in the semi-Fowler’s position, the skin surface 
temperatures of the lower extremity were found to increase as much as 
3.4° C. and the volume of the extremity to increase 350 c.c. Control 
readings were previously obtained in the horizontal position (Table IV). 

Tissue Tensions in the Patient 

Normal Tissue Tension . — In 103 routine outpatients, the subcutaneous 
tissue tension on the dorsum of the hand averaged 1.8 mm. Hg (mean 
2.2 mm. Hg), and the tension on the dorsum of the thigh averaged 2.5 
mm. Hg (mean 2.7 mm. Hg) (Table V). 

Table V 


Normal Subcutaneous Pressures (Resistance to Distention) 
IN 103 Ambulant Patients (mm. Hg) 


DORSUM 

HAND 

1 mid-thigh 

NUMBER OF 


NUMBER OF 


PATIENTS 

PRESSURE 

PATIENTS 

PRESSURE 

11 

0 

3 

0 

42 

1 

20 

1 

23 

2 

34 

2 

13 

3 

22 

3 

8 

4 

18 

4 

5 

5 

6 

5 

1 

6 



Average 

1.8 


2.5 

Mean 

2.2 


2.7 


In twenty-eight ambidatory patients, the intramuscular tension at rest 
averaged 3 to 7 mm. Hg higlier than in twenty-six patients undergoing 
bed rest (Table VI). 

Table VI 


Norsial Intramuscular Pressures (mm. Ho) 



NO. CASES 

REGION 

AV. PR. 

RANGE 

Tensions in ambulatory patients 


Deltoid 

4-5 

2-8 


10 

Quadriceps femoris 

3-4 

1-0 


2 

Tibialis anterior 

7 

fi-8 

Tensions after several days of 
bed rest 

2 

14 

10 

Biceps bracliii 

Deltoid 

Quadriceps femoris 

0 

0-t 

0-1 

0 

0-3 

0-4 


Tissue Tension in Inflammation.— In acute fracture.s, tlic average tis- 
ressures ranged from 8 to 16 mm. Ilg, compared with the average 
sue p jjn- for the uninjured side. After immobilization, tlie aver- 
0 to 9 mm- ^ ^ j„jured side were 0 to 12 mm. Ilg, compared 

14 .m.. H? f" •'“> 

j j,ii.scellaneous inflammations, tlie .subcutaneous tksuc 
111 a series o ^ compared witli 0 to 4 mm. IJg on tlie 

pressure aAerag cases of cardiac decompensation the .suheulane- 

uninjured side. " j from 13 to 22 mm. Ilg (Table VITI). 
ous tissue pressures ran„ea 
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In a series of twenty cases of infiammatiou of tlie extremity in rvhicli 
the skin surface temperatures were also cletei’inined, the tissue tensions 
on the affected sides were always higher than on the nonnal. In one 
ease, a subcutaneous pressure of 56 nun. HjO Avas observed (Table IX). 

Table IX 

Maximum Ixot.eases ix Skim Surface Temper.\tuf:e {° C.), Tissue Texsiox 
( c.M, 11 , 0 ), Volume (c.c.), axb Circumferesce (c.m.) of Inflamed 
Extremities, Above Correspoxdixo Xoumal Extremity 
(35 Cases) 


CASK KO. 

MAXIMUM 

TEMPEKATUnK 

JXCEEASE 

MAXIMUM 
TISSUE TEXSIOK 
IKCUEASE 

MA^aMUM 

VOLUME 

IXCnEASE 

MAXIMUM 

ClECUMFErXKCE 

IXCEEASE 

1 

2.4 






2 

3.9 




?, 

2.8 







4 

.3.0 




r> 

3.2 






(i 

3.2 

— — — 

~ — 



7 

7.2 


— — 

^ 

s 

3.0 


— — ~ 


9 

1.4 

i — — . 

1 — — 


10 

2.4 





31 

.3.2 

1 

* — — 


12 

4.4 


— — — 


33 

2.0 


i 



14 

5.8 


i 


13 

3.4 1 

— 



10 

3.0 




17 

0.8 

10.0 




IS 

1.8 

2.0 



19 

1.2 

18.0 

1090 


20 

1.4 

7.0 

200 


21 

0.0 

Ki.n 

1050 


oo 

1.7 

5.0 

500 


23 

1.4 

27.0 

2900 


2( 

2,0 

44.0 

4150 


25 

3.0 

22.0 

IL30 


2(i 

n.s 

21.0 

1.590 


27 

1.1 

s.o 

990 


2.S’ 

1.0 

20.0 

4509 


20 

1.2 

13.0 

S.^j 1 


30 

.3.t 

n.o 

son 


3] 

1.1 

10.0 



<>,5 


3.S 

l.'t.O 


9.0 

XI 

<t.« 

12.0 


.5.0 


I’.O 

i.n 



w.O 


M 

i.n 

— - 

7.0 


Pusitinu iiud Vnlinuf Chuufjrx ia fhr Human Jiritifl 

In fourti'cn interns the iuereases in volnme of tiie lower extreiiiitv at 
niudit over that in the nioniiim' ranged from .50 e.c. to .S()f) c.e. Kxi)rc>sse(l 
as inereas.' per KU) e.e. of e.Nireinity. the increases ranged from 0..'i (-.c. 
per lot) «• e. to 7..I e.e. [ler 100 e.e. These itiereascs ainotmfed to 2 to 7 
per rent of the leg volunie ( Tidile X). 

In sis ea-es of infection of the upper or lower extreiiiily. the volume 
lieereas.'s after elevation ranned from :5 (m e.e. to 1,0)7 ,.,e. (Table Xl) 
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Table XII 


Specific Gp.a\ities or Scbcutakeocs Edema Fluids ik Ixflammatioxs 

OF THE EXTKEMITIES 


CASE 

SPECIFIC GCAmV 

FROTEIK (c.\i. PEl: 100 C.C.) 

AS seku.m 

1 

1.02S 

7.2 

2 

1.026 

0.5 

3 

1.024 

, 5.8 

4 

1.025 

0.2 

0 

1.018 

3.7 

G 

1.019 

4.1 

7 

1.025 i 

6.2 

s 

1.028 

7.2 

9 

1.030 

7.9 

10 

1.026 

0.5 


The blister fluid protein content ranged from -1.6 to 6.3 per cent and the 
iionproteiu nitrogen content from 48 to 126 mg, per cent (Table XIII, 
a, b, e, d, and e). 

In four other rabbits inflammations of the ear by heat caused volume 
increases ranging from 11 to 25 e.c. In the heat inflammations of the 
leg, the volume increases ranged from 109 to 60 e.c. The edema fluid 
protein levels ranged from 3.9 to 4.7 per cent, which were about equal 
to the plasma protein levels. The tissue pressures in the involved side 
ranged from 12 to 28 mm. Ilg (Table XIII. f, g, h, and i). 

Table XIII 


Efff.it or E.xPEni.ME.sTAL I.vflammation ok A’oia’me Chance, Pl.vsma Pnoin.v, 
Tlssue Fluid Peoteik, .\kd Tissue Phessure 





1. 

EDEMA riA'ID j 






PLASMA PnOTFAN 

Pi:o- 







(CM. PER 100 

TEIN* 

K.r.N. 

(MG, 

rr,p> 

I Of) 

VOECME 

TJS.srE 

TIME 


CASE 


) 

(CM. 

IXCUKAKE 

TEXSIOK 

INTEPVAl. 





PEE 

(C.C.) 

(MM. Un) 

(nouns) 



ri’.Eor- 

posTor* 

100 



i:i:\TiVF : 

EP. \1 IVE 

C.C.) 

C.C.) 




llciil Initarii 

!i M'.ti ) 


■nmi 

-- 

-- 

9.5 


2.5 

rnation 


H 

H 

.5.2 

1S.2 

12,5 

— 

6 


c 



■M 

: 70.0 

5 


O 


l) 

-- 


BmEB 

126 

<• 


■1 


0 



^BIH 


79 i 

17 

-- 

n 





BnEH 

M i 





f 

-- 

1.0 

•1.1! 

— - 

no 

ot; 

s 




1 

4.7 






R 

1.9 

! 4.1 




nci 

0 



•1.7 

! 1.7 

i.i 


2.5 fll.-iri 




'' 

4.5 


).) 

— 

m 

IS 

2) 


i > 

1 5.1 


1 .«> 

■J. 1 

1 

-- 

2.5 

1 1 ( K»r 1 

12 

30 

In 

Onninirtljon 

: I 

1 K 

j 1.0 

ZXi 

<r «• 

»» o 

— 

15 

10 

IM 

21 

! 



3.5 


1.5 (Kir 
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0,.". 

.-..It 

5.r» 

^ • 
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1 O'.' 
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SURGERY 


111 infectious of the lower extremity, as great an increase in volume as 
4,500 c.e. was observed over that in the corresf)onding normal extremitv 
(Table IX). , ‘ 

Skin Surface Tcmiierafures in Human Inflammation 

In thirty-five eases of inflammations of the ujiper or loiver extremities, 
there were increases of skin temperature up to 7° C. on the affected side 
(Table IX). 

Table X 


Difference in Volume of One Lower Extremity in 14 Healthy Young Men 
Between Arising in Morning and Retiring at Night 


CASE 

INITIAL LEG 
VOLUME 

increase (c.c.) 

INCIIEASE PER 

100 C-C. OP 

EXTREMITY 

1 

9250 

50 

0.5 

2 

10250 

coo 

G.O 

3 

9000 

300 

3.3 

4 

11150 

550 

5.0 

5 

11250 

100 

1.0 

G 

9950 

500 

5.0 

7 

13050 

G50 

5.0 

8 

10900 

I 800 

7,3 

9 

8G50 

200 

2.3 

10 

10150 

300 

2.0 

11 

9750 

250 

2,5 

12 

10200 

500 

5.0 

13 

11550 

550 

5.0 

14 

10750 

350 

3.0 


Table XI 


Tissue Tension and Volume Changes op Inflamed Extremities Attending 

Elevation 


case 

AREA INVOLVED 

TIvSSUE TENSION 
(MM. IIO) 

VOLUME 
PECREASE 
. (C.C.) 

TIME 

INTEItVAL 

1 

o 

i 

Furuncle, elbow 

12 

4 

1 447 

15 (la.vs 

o 

Tlironilioplilobitis, log I 

20 

s 

S70 

12 lioiir.s 

n 

Throniboplilebitis, leg I 

40 

4 

305 

14 ilnv.s 

4 

I Phlebitis, arm j 

— 


41.7 

4 hours 

5 

Thrombophlebitis, leg 

10 


ns,8 

•t 1 la.vs 

c 

Cellulitis, leg 1 

* 

-- 

1017 

17 (I.'i.vs 


Protein Content of Serous Exudates in Human Inflammation 

In ten cases of inflammation of the extremities, the specific gravity of 
1 ^dema fluid was found to range from I.OIO to I.O.'IO, coiT'esponding 
^protein contents of 4.1 to 7.!) jier cent, .•alculafed as serum .(Tahir 

JII). 

laiion of Physiral Factors in Ex]i( rimrnlal Inflammation 

•17 P,-e<isurcs Tissue Tensions, Tissue Fluid Protein, Plasma 
Capnlotlf ^ ^^’pi^^ifj Yotume fkanf/fx. — In four raliliils and om* 

Protein, pli (’f c'liiseil increases in voinnie ranging from o to 10 

cat, heat inflamma ,^5 measured in tiie air iiletliysnii.grai)li. 
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Tabbe XII 


Specific Graitties or SI'bcotaxeous Edeaia Fluids iy Inflammations 

OF THE EXTP.EMITtES 


case 

SPEanC GKAVITY 

pp.otein (gm. per 100 c.c.) 

AS SERUM 

1 

i.oas 

7.2 

O 

1.026 

6.5 

s 

1.024 

, o.S 

4 

1.025 

6.2 

5 

1.018 

3.7 

6 

1.019 

4.1 

7 

1.025 

6.2 

s 

1.028 

7.2 

‘ 9 

1.030 

7.9 


1.026 

6.5 


The blister fluid protein content i-anged from 4.6 to 6.3 per cent and the 
nonprotein nitrogen content from 48 to 126 mg. per cent (Table XIII, 
a, b, e. d. and e). 

In four other rabbits inflammations of the ear by beat cau.sed volume 
increases ranging from 11 to 25 c.c. In the beat inflammations of the 
leg. the volume increases ranged from 109 to 60 c.c. The edema fluid 
protein levels ranged from 3.9 to 4.7 per cent, whieli were about equal 
to the plasma protein levels. The tissue pressures in the involved side 
ranged from 12 to 28 mm. Hg (Table XIII. f, g, li. and i). 

Table XIII 


Effect of E.xpr.r.LV(E,\-TAL Isflamm.vtiox on Volfme Change, Pl.\sma PF.OTa.N, 
Tissue Fluid Protein, .\ni) Tissue Pressure 



CASE 

PL.SSMA PROTEIN ' 
(GM. I'FR 100 
F.C.) 

EDEMA FLUID ( 

VOLl'ME 

INniEASF 

(C.C.) 

TISSUE 
TENSION* 
(MM. Iln) 

TIME 

INTEEVAE 

(HOUES) 

PEO* 

TEIN 

(CM. 

PEE 

loa 

C.C.) 

N.P.N. 

(.MG. 

PER 

100 

C.C.) 

riiF.oi'- 

EtlATIVE 

POSTOP- 

KUATIVr 

Ural Intlnm 


■MHII 

HMli 

■■ 

■MM 

0 5 


2.5 

iiuiliim 

huhi 




4S.2 

12.5 


0 














i.n 

70.6 

5 


1 2 





nn 

120 

6) 


1 4 




^BIH 

ImH 

TO 

17 


1! 




1 1 

MIS 

•'4 







i 1 

4.6 i 


on 

2^ 

S 





4.7 






rr 

1.0 i 

I.I 

5.0 

-- 

j 

22 i 

0 



4.T 

1.7 

ni 


2.5 ( Enr i 




ll 

4.3 

4r..> 

1.4 


m 

IS 

21 


1 


Ti..! 







1 

.-..4 

5.2 

1. » 

- . 

25 

12 

30 


! 

1 




11 (Enr) 



Truttin Oil In 

1 J 


2.5 

] 2.2 



*’S 

2 J 

tlnminutton 


1.6 

5.6 

! .3..". 

-- 

15 

10 

21 


! 



1 3.:, 


15 ( Enr ' 




t 

ri.” 

5.0 

1 4 6 








6.L* 


I 4,r 
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SURGERY 


In three rabbits with ear and leg: inflammations bj^ croton oil, the ear 
volume in one increased 15 c.c. and the leg volume 45 c.c. The edema 
fluid proteins at the same time ranged from 2.2 to 4.7 per cent and the 
plasma proteins from 2.5 to 5.3 per cent (Table XIII, j, k, and 1). Pre- 
operative plasma protein levels ranged from 4.5 to 6.3 per cent. In two 
rabbits the tissue tensions in the inflamed area were 28 and 16 mm. Hg, 
respectively. Control tissue tensions in this series were 0 to 2 mm. Ilg. 

In four rabbits i 2 i ivhich heat hihammation of the leg was produced, 
the serum protein was found to be lowered and the edema fluid protein 
levels ranged from 2.8 to 4.1 per cent. Capillary pressures ranged from 
31 to 40 mm. Hg in the inflamed area, Avhile the extremities increased in 
volume, ranging from 10 to 65 c.c. In three of these animals, simul- 
taneous determinations of plasma and edema fluid pH showed no prac- 
tical differences (Table XIV). 


Table XIV 


BrrECT OF ExPEsurENTAL Heat Inflauhation in Rabbit Extkewitv on 
Eactoks Which Eeoulate Feuii) Intebchange 


CASE 


1 ede.ma fluid 

1 (GJi. per 100 r.c.) 

TISSUE 

TENSION 

(mji. Ho) 

capillary 

PRESSURE 
(MM. UO) 

VOLUME 

PRE- 

OPERATn'E 

POST- 

OPERATn'E 

PROTEIN 

PH 

(C.C.) 

a 

6.4 




31 

40 

24 

b 

4.5 

nasHtia 


B 

20 

(Control = 0) 

31 

10 

c 

4.6 

4..^ 

(pH 7.5) 

3.1 

7.4 

16 

(Control = 0) 

33 

55 

05 

cl 

4.0 

3.5 

(pH 7.5) 

3,1 

7,5 

26 

(Control = .l) 

27 


Lymph Flow . — The lymph flow through the cannulated lymphatic of 
the do"’s leg is practically zero at rest, but is increased by ma.s.sage or 
passive motion. In one of the three animals studied, heating the ex- 
tremity to 45° C. caused the lynipii to flow out of the cannula in a 
steady stream (Table XV). 

Tabee XV 


EFFECT OP He-\t Infeammation o.n Uympii Fr.OW IN Extiiemitv ok POf! 


NO. 


FLOW 
BUT.tNO 
1 INACTUTT!,- 
TinXnihL 


VOfiUMK KI>0'V 
AFTKI: MASSAtJK 
OH AIOTION' 


(a) l\ C.C. in r» mm. 

no 0 in - m'n- 

sifter IseatiriK af (iO*’ C. 

.2a c.e. in ] min. 

(clotting of IvFiiiili in eanniiln) 


n.) ^ JZ AW r 



TI.S.St'E Tf.N.SION 

(.M-tr. JfO) 


31 
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CUKIGAL, APPLICATIOKS 
Infections of the Extremities 

Types of Casts. — Hilton^' wrote a fascinating and informative treatise 
on rest and pain in wliieli lie stressed the importance of rest in the treat- 
ment of infections. Those .skilled in the treatment of tuberculosis will 
attest to this fact. A short time later Deunis=^ pointed out the great 
value of immobilization in plaster in the treatment of compound frac- 
tures, and Orr*® adopted rigid immobilization in plaster as a constant 
sequel to sequestrectomy for chronic osteomyelitis, shortly thereafter 
employing closed plaster casts and massive vaseline packs together with 
extensive osteotomy in acute osteomyelitis. 

In the surgical clinic of the University of IMinnesota Hospitals, the 
essential treatment of acute infections of the extremities has been (a) 
rest by immobilization of the entire extremit 3 ' involved in a plaster cast 
inehuling the trunk, and (b) elevation b.v positioning the affected mem- 
ber in the cast in such a manner as to most rapidh' drain the edema 
fluid toward the heart by gravitj-. Fig. .5 shows the t.vpe of shoulder 
spiea applied in the event of infection involving the upper extremitj'. 
With the arm in midelevation the extremit.v is above heart level when 
the patient is standing, sitting, or Ijdng. 



I r» — T\ of ^huul«1M tJplcT; n|*|«!Us{ for InfltminiUon of uppir cxtnrnltj 


Appriipnatf wiiuIown are ciif iii the east t(i iiennit freipient observa- 
tion of the infeeted area; A\hen there is delinitc' e\i(letiee of suppura- 
tion, not before, a sinali ineividii is niaile for evacuation of tlie CMidate 
thronu’h the east niinlow. Laree meivnins have no additional advantasre. 
jirodneimr on)\ more traunm to tax the patientV already burdened 
healing powei-s 
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SURGERY 


In acute osteomyelitis of the tibia, for example, a body plaster is ap- 
plied extending from the waist to the toes on the affected side, the af- 
fected member being placed in elevation .(Fiff- 6). A window is cut hi 
the plaster direetlj'^ over the tender area permitting incision when 
evidence of abscess formation is present. The only type of ease in which 
early incision is warranted is acute tenosynovitis. In such eases, the 
necessity of early opening of the tendon sheath to preserve the nutri- 
tion and identity of the tendon has been pointed out by Kanavel.®' 

The immobilization Avhieh can be secured by a body cast is ever so 
much more efficient than that obtained by any other method. Sand- 
bags, traction, voluntary rest, and other measures do not begin to afford 
the relaxation and rest to an inflamed extremitj^ that an adequate plaster 
east will. A patient with an infected knee joint, treated with adequate 
traction, may cry wdth pain when the bed is touched. After the applica- 
tion of a cast the patient can be turned over in bed without causing him 
the slightest discomfort. 




7 . ( j.,n„nhili:ntion (tii'l nifrnfion —A quest ioniiaire «as mnikd 

J?csi(/ts 0/ -f iu the T'iii\ei'-ity r7f .Minnesota Ilosjiifals in 

to all patients januarv. Ihfll. to Deeemla.r. I.'l.'i't. for inf.-e- 

the six-year periot treated in' imniobili/ation in plaster 

tions of extremities and 
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easts In the letter, the patient was asked to describe his present con- 
dition or to return to the outpatient clinic for examination. The total 
number of eases finally aAailable for tabulation was 116 (Table XYIa). 
Forty-one, or 35.3 per cent, returned for examination; foity-nine, or 
42.2 per cent, replied by mail; eighty-three, or 19.8 per cent, did not 
reply but w'ere recently examined in the outpatient clinic ; and three, or 
2 5 pel cent, were dead. 

Table XVI 


Cl\ssificatiok of 116 Patients Treated b\ Immobiuzatiok in Pl.asteb Casts 

FOR INFLAMSIATIOX OF THE EXTF.EArlTIES 



NO. 

PER CENT 

a. Kesults of mailing questionnaires: 



Patients returning for examination 

41 

35 3 

Additional replies 

49 

42 2 

Those not rephing but rccentli examined 

23 

19.8 

Deaths 

3 

25 

Total number of patients m studj 

Ufa 

100.0 

b Classification of inflammations included m 



this studi : 



Hand and forearm 

25 

215 

Lower CNtreniiti 

S 

69 

Ostcomielitis: 



acute 

12 

10 3 

chronic 

50 

48 3 

Primarj' septic arthritis 

15 

13.0 

Total 

lie 

100 0 


It was found (Table XVIb) that twenty-five eases, or 21.5 per cent, 
were infections of the hand oi foroaini; eight, or 6.9 per cent, were lower 
extremity infections , twelve, or 10 3 per cent, w ere acute osteomyelitis ; 
fifty-six, or 48.3 per cent, were chiouic osteomyelitis; and fifteen, or 
13.0 per cent, A\ei'o primary septic aithritis. 

Good results, that is rapid control of the infection with healing, 
were obtained in 72 2 per cent; fair lesnlts, that is control of the infec- 
tion with delay or recurrence, were obtained in 216 per cent; poor 
lesults, that is uncontiolled infections, were obtained in 6 0 jier cent. 
These results are itcmi/ed in Table XYII. Itemization of the patients 
m each pathologic classification is iccoided in Table XYIII 


Tmuf XVII 

felMMAIlUlD Rr-SI LTS Of TltATAUNT Of Isf LAMM ATIONS Of K\TI f MITIl s BA 
iMMomi IFATIOS AM) ElfVATION IS Pl.ASTfR CASTS 
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<( \ril> CONTI OL 

^MTll m MING) 
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Table XVIII 

Detailed Results in Treatment of Infections by Immobilization in Plaster 






DA-V 

■s 1 

■S 





IN 

CAS 

IN 



TYPE 

^^0. 

TREATMENT 

T hoe 

RESULT 





(AV. 

X PITA 
'' (AV. 

L 

) 

Hand and 

Traumatic 

s 

Shoulder spies 

1 2() 

20 

3 Good 

forearm in 
fections 





3 Ankylosis 

2 Finger ampu- 

tated 

3 Excellent 


Fascial space 

6 

Shoulder spiea 

11 

15 







2 Stiff or a n k v- 







losed 







1 Amputation o f 


Lymphadenitis 





digit advised 


1 

Shoulder spies 

6 

14 

1 Excellent 


Tcnosjaiovitis 

1 

Shoulder spica 

20 

40 

Ankylosis 


Soft tissue in 

■ 4 

Shoulder spica 

25 

50 

3 Healed with 


fection w i t li 

1 



ankylosis 


bone involve- 





1 Amputation 


ment 





through carpus 


Furuncle 

1 

Arm cast. 

5 

7 

Death; septico- 




suspended 



mia and lung 
abscess 


Forearm 

4 

Shoulder spica 

10 

10 

3 Excellent 

1 Stiff elbow 

Dower ex- 

Cellulitis 

4 

Hip spica. lonar 

12 

14 

3 Good 

trerait)’ in- 



leg 


1 

1 Ankylosis 

fections 

Gunshot 

1 

Hip spica 

180 

135 

Draining; 







crutches 


Puncture 

1 

Hip spica 



Excellent 


(manure fork) 
Infected vari- 

1 



Good 

Long leg 


cose ulcer 





Primarj' i 

Multiple 

2 

Spica 

{^2 

240 

Ankylosis or 

septic 






limitation 

arthritis f 

Sacroiliac and 

3 

Hip spiea 

so 

OS 

Ankylosis in all 


hip 





4 Ankylosis 

1 

Tnee 

C 

Hip spica or 

.3,0 

25 




lonjr Ice: 



3 Good function; 







both children 
aged 2 yrs. 


Vnklo 

O ] 

Long leg 

1.3 

14 

I Excellent 


( 

3hort leg ' 

2 VIS. 

1 
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I 

31bow 

1 1 

Vrni cast 
s«‘^pcinlc«l 

10 

4.S 
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Death 

I 

Hp. traumatic 

1 
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r, 

7 
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H 
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,84 

o 1 

< 100(1 in all 
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HI 
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I 
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n 

45 2 
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Death; pnciiiiio- 
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flood 

c 

1 A 
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DISCUSSIOX 

Effect of Immobilization 

Although it has been suggested that immobilization causes atrophy, 
the actual evidence of any great degree of atrophy is lacking. The ivork 
of Sherrington and others has adequately demonstrated the propriocep- 
tive nature of muscle tone, a phenomenon -which can be initiated by such 
actions as passive changes in the position of the head. Some experi- 
menters have observed minimal atrophj" in the extremities of animals 
encased in plaster casts, but they offer evidence that such minimal 
atrophy is temporary and may be almost obviated by properly applied 
easts. It cannot be proved that normal muscles, immobilized in casts, 
are in a state of inactivity ; rather, muscle tone is preserved and normal 
voluntary motion, although partly isometric, begins with the disappear- 
ance of pain. 

Inflammation and Pain . — Inflammation is in large paid a reflex act 
initiated by pain (Odermatt,'’“ Kosenbach,^^ Richer and Eegendauz”). 
Spicss''” emphasized that anesthetized wounds undergo less inflamma- 
tion, and he stated that there is a direct relationship between anesthesia 
and healing. He noted that the more painful a wound is the more it 
becomes inflamed. If the pain is removed by means of a local anes- 
thetic, the inflammation diminishes to an extraordinary degree. 

Bruce” showed experimentally tlmt conjunctival anesthetics pre- 
vented inflammation, that the initial vasodilation in inflammation was 
an axon reflex, and that the development of edema is dependent upon 
the intactness of the axon reflex. In his experiments he used alypin, 
a local anesthetic, to prevent mustard oil inflammation in the e.ve. 
Bardy'"’ advocated the use of morphine to reduce inflammation and stated 
that dolor was responsible for turgor, rubor, and color. 

Inflammation and Real . — Since the lynqihatic channels through which 
infections spread lie in the fascias overlying the muscles, lessening of 
muscle movement which accompanies immobilization in plaster serves 
to minimize dissipation of the infection, and must be an important fac- 
tor in aiding the natural defenves of the body in localizing the infection. 
Experimentally. Beecher has demonstrated the marked lymph flow 
attending nniscnlar activity. 

Adler.’ sjieaking of tissue fluid, wrote. ■‘The fluid spi-eads with more 
or less ease from one lyinjdi space to amither. the propelling forces being 
diffusion and mechanical pressure. Tlie latter is caused, first, by con- 
tracting the muscles surrounding the lymidi sp.u-cs. and .second, bv 
gravity and external ineelianical pressure (massagcl.’’ The e.xcellen'f 
work of .Me.Masicr, ilndaek. and Parsons" illnslr.itcs the readiness with 
wliii'li the gentlest mass;igt. iucreasi>s lymph flow. 
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Effect of Elevation 

Elevation of an inflamed part diminishes the edema and increased 
venous pressure and reduces the temperature of the inflamed part. Be- 
cause of the abnormal permeabilitj’’, edema can be only diminished, since 
the capillary wall is then much more permeable to protein which escapes 
into the tissue spaces. Owing to the diminished transudation of fluid 
it effects, and the introduction of the effect of gravity on blood flow 
and on the edema flui^ forming and alreadj^ formed, elevation definitely 
reduces the tissue tension and volume of the extremity. Friedricld' 
taught that the rising tissue pressure compressed capillaries and caused 
gangrene. 

Thus, the Fowler’s position would be indicated for infections of the 
head and neck, and the Trendelenburg position in pararectal, scrotal, 
pelvic, and lower abdominal inflammations. Carrier and Kehberg’’ and 
Turner®! show'ed that when the hand is above the base of the heart, 
capillary pressure is low, and when dropped below, the increase of 
capillary pressure is almost identical with the theoretic increment due to 
the hydrostatic pressure of the column of the venous blood. 


Belaiion Between Capillary Pressure, Plasma Oncotic Pressure, Tis- 
sue Teoxsion, and Tissxie Oncotic Pressure. — Graham,®® who first used the 
term colloid, mentioned that plasma colloids might exert an osmotic pres- 
sure in the blood. After Starling’s demonstration®^ of the colloid os- 
motic pressure exerted by the plasma proteins, Schade and his co- 
workers'® showed that in inflammation, especialty in suppuration, the 
osmotic pressure of the tissue fluid may be as high as eleven atmospheres, 
and, therefore, inflammatory edema was merely an entire o.smotic 
phenomenon. He gave proper importance, however, to the tis.sue ten- 
"sion, but Burch and Sodeman’® sliowcd that the tissue in developing 
edema was unusually high due to the tone of the connective tissue. 

Landis®' has .shown that the blood pressure at the arteriolar end of 
the capillary loop is about 45 cm. water, that at the venous end is 22 cm. 
water and that the colloid osmotic prc.ssnre of the blood is 3G cm. water. 
Thus there is a tendency for ultrafiltration at the arterial end and a 
tendency to reabsorption of fluid at the venous end of the loop. That 
this ideal system operates only under “normal” conditions is well ae- 
t d In inflammation or venous engorgement there is outpouring of 
fiXate into the tissue .space.s. Some investigators have even a.ssnmed 
” r* relation.sbip between rate of edema formation and dilTerenee 
a linear ‘ pressure and the osmotic pressure of the plasma 
between capniarj 


rotems. the local formation of edema have been sub- 

The factors n ii]Vcsti"ations by eornpetenf observers, and it 

ected to the mos factors are (1) elevated capillary pri-ssiire. 

ippears that pressure of the bhmd plasma, .f.'l) damage to 
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the capillary "wall, -aiicl (4) lymphatic obstruction. Contributory fac- 
tors are (5) low tissue pressure, and (6) warmth. Krogh laid great 
stress on the intracapillarj- pressure, while Schade believed that the two 
most important balancing factors are the tissue tension (“Gewebsspan- 
nung”) and the imbibition pressure of the inter.stitial colloids (“extra- 
cellulare wasserdurchtra nkte Bindegewebslcolloid ”) • 

Drinker and Field-” observed that edema fluid may contain as much 
as 4.5 per cent protein, and I have found blister fluid in experimentally 
produeed burns to contain as much as 6 per cent protein, which would 
amount to 40 cm. water colloid osmotic pressure. Therefore, the tissue 
fluid may raise the osmotic pressure on the outside of the capillary to 
such a level that reabsorption of fluid by the capillary through osmotic 
means may be greatly slowed or even stopped. Specific gravity values 
for edema fluid corresponding to those I obtained have been found by 
Schade and others. 

The subcutaneous pressures which were obtained in normal in- 
dividuals correspond to the few recorded in the literature .(^T’ells””). 
Tlie tensions found in inflammations were always higlier than normal, 
tending to limit capillary filtration (Beecher). In addition, it may be 
observed that the tissue tensions in the normal extremities of individuals 
with immobilized infected extremities are higher than the average 
“normal.’' This is probably due to the double duty required of the 
remaining mobile extremity. 

Fabr-^ has also stated that the sum of serum protein osmotic pressure 
and tissue tension need not equal the sum of edema fluid osmotic pres- 
sure and intracapillary pressure except in a state of equilibrium. If 
fluid is leaving the capillary, the hydrostatic capillary pressure will be 
so high that the sum of capillary prc.ssure and edema fluid o.smotie pres- 
sure will be greater than the first sum. 

In our experiments (Table XIV). it may be seen that an equilibrium 
exists between the forces “pulling” water into the capillary and those 
“pulling” water into the ti.ssuc.s. For example, in terms of niillimetei’s 
of mercury, in animal a : 

Force jiullin^r into liloocl: 

IS (fi'/r pinsina protein) 4 31 pressure) = -11* inin. ITp 

Force pulling water into tis‘*ncs: 

12 (‘t^r etiema fluitl protein) -in (capillary ])re‘«siire) = ,*52 inin. Hj; 

In this animal, there is a definite preponderance of forces tending to 
put fluid into the tissues, as one might expect diiring edema formation. 

At the beginning of this century, medical men generally looked hope- 
fully forward to an immunologic speeifie for every bacterial disease, 
rnfortunntely. bowever, such speoifies jire .still too few. A surgeoji 
still has no reliable immunologic agents upon which he may depend in 
the treatment of su])purations. The patient must still fight out the 
conflict with bacteria with little si>eeifie help from chemical irrigating 
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solutions, and the surgeon must content himself -nith supporting the 
natural local and general resistance of the patient in his combat nith 
the invading bacteria. Ilirschfelder has shown that no antiseptic agent 
will penetrate tissue effectiA'eiy and preserve its antiseptic properties 
for more than a millimeter. 

The relief of pain which attends elevation and rigid immobilization 
is usually striking. In the last fcAV years, therefore, immobilization and 
elevation of the infected extremity in plaster have been employed as the 
primary treatment in a number of acute infections, among which have 
been eases of infection of joints, bones, and soft tissue. The remote re- 
sults in the treatment of osteomyelitis, of course, cannot be definitely 
assayed. The impression has been gained that this inethod of treating 
joint infections, when accompanied by proper incision to afford de- 
pendent drainage of abscesses, is far superior to the method of active 
mobilization. Usually, the results attending its use in infections of the 
soft tissues are superior to those obtained by other means. 


CONCnUSIONS 


1. Blood flow in an extremity is definitely influenced bj’ its position. 
This is shown by the fact that (a) elevation reduces the arterial systolic 
pressure a 2 id skin surface tempe 2 -atm'es, and (b) dependency increases 
the arterial systolic pressure and skin surface temperatures. 

2. The edema fluid in inflamed extremities of patients is usually under 
a tension higher than the venous pressure, and often higher than mid- 
capillary pressure. This entails an elevation of ten to twenty times 
the normal tissue tension and tends to effect further hrniation of edojna 


fluid. 

3. Immobilization and rest defijiitely j-cducc the tissue tension of an 
inflamed extremity. 

4. The elevated skin surface temperatures of inflamed extremities 


is a criterion of the greater blood flow. 

5. In normal young men, gravity may inci-ease tlie leg volume 2 to 7 
per cent during the day. In inflammafions of nu e.xtrcmify, the volume 
may increase as much as 50 per eenf. 

6 The increased volume of an inflamed extremity can be markedly 

reduced by elevation. 

'■ The protein level of edema fluid from inflamed exf remit les in pa- 

• t is nsually just below that <pf the plasma and may he as liigli. 

Inflammation of an extremity in the rabbit rapidly slimnlates tlie 

, , of edema fluid. fref(uenfly approximaf ing in i/uanf ity the 

production oi. i-o 

normal blood ^o lewis in inflamed extremities in animals 

9. The edema pu” 
plasma proteins. 
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11. Tlie edema fluid pressure in experimental inflammation rises 
rapidly to capillary pressure levels. 

12. Capillary blood pressure is increa.sed in the inflammatory site so 
that there tends to be an equilibrium between ; 

tissue oncotic pressure + capillary pressure = plasma 
oncotic pressure + tissue pressure 

Ilowever, the factors on the left of the equation are relatively weighted 
so that there is a continuous tendency for edema formation. 

13. Treatment of infections of the extremities in the University of 
Minnesota Hospitals over the six-year period, 1931-1939, by immobiliza- 
tion in casts, usually with elevation, gave good results in 72.2 per cent, 
fair re.sults in 21.6 per cent, and poor results in 6.0 per cent of the eases. 
Chronic osteomyelitis constituted 48.3 per cent of the eases. 

14. Clinical trial suggests that immobilization and elevation are ad- 
junct measures of distinct value in supporting the natural defense 
mechanisms of the body in inflammations of the extremities. Their use 
appears to rest on a rational physiologic basis. 
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INTRODUCTION 


A cute asphyxia is generally considered to progress in four, more or 
■ less, definite phases^: 

1. The period of primary apnea, in wliicli the breath is held, tlic 
glottis may or may not be closed in spasm, and a pei-iod of shallmv 
breathing may ensue. 

2. The period of dyspnea, in wliich tlie respiratory movements arc 
greatly increased, tlie accessory muscles of respiration come into play, 
tonic and clonic convulsions may appear, and flie blood pressure rises. 

3. The period of terminal apnea, in which tlie respiration has ceased; 
in exceptional cases, some asphyxial or agonal gasps may be taken. Tlie 
limbs become limp, tlie blood pressure falls, but the heartbeat is still 
definite and regular. For the first part of this period, the heart rate 
may increase and the pulse pressure decrease. Toward the end of tiic 
period, the heart generally becomes slower and irregular, nlthoiigh the 
pulse maj’’ increase. The pupils arc dilated and their reflexes gone; 
the corneas are glassj'. Defecation and micturition may occur. At tlie 
end of this period the heart rate may again increase, its oiitjnit diniiiiisii, 
and it is difficult to tell whether the heart beats are expulsive. 

4 The period of faihirc of the heart, in which the heart may fail 
either in standstill or in ventricular fibrillation (Fig. 1), and death 
occurs. 

In o-encral, each period lasts about a minute. Gonsiderablc variation, 
howcwr, may occur in the time periods and in the characteristics of 
each phase of asphyxia, esiiecially when an aiicstlietic has been ndmin- 
isteiVd before the start of the experiment. 

modes or I'KonufTiox or .\srnvxi.\ 


T thc-se experiments, asjiliyxia was produced either i)y (1) mechanical 
■ of a face mask or oKsIruclion of an intratrachr'al tiihe, or 
obstruction rrascs (nitroiicn, helium, or nitrous oxide) at tlie 

(2) inha a ion intratracheal tube, nitli an inflatable rubber eiifl' 

mask or by way ot me 

to avoid leakage. 

-^veil for rubticoUeo. .svrt- 
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Kli:. I (Hoi; II).— .Mi’i lmnlr.il obitnictlon uniiIi.vnIh iit tlic mii.ik. A. Ob-itriirllon at itm-ik bt’Kiin ; P, n\si>lnUlou ceii.'a'.s; G, miimi.’tl 
(111 III ll•v|)lrllHlm ultb o, .utmli'il, but wiiii liu'ffi'ctiml ; 1), iCKiisicItalor with oxyKi-u .staitijil but tlili, too. wuh Inoftbctuul at tliLs 
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SURGERY 


EVIDENCE OF RESUSCITATION 


Resuscitation procedures were carried out by way of the face mask 
or intratracheal tube. The criteria of successful resuscitation were 
(1) rapid rise of the blood pressure Aviiich was maintained and (2) a re- 
turn of regular respiration (Pig. 2). 



In our experiments on animals (dogs), fonr metho.I.s of resnseifation 
were used: respiraliou with inhalation of o.vygeri was earned 

„ j , ;t™u 



B.R 



3 (Doff 33). Nitrous oxide aspliyxla at the mask. A. Respiration ceases; B and C. manual artificial respiration with oxygen, showing 

slow recovery of blood pressure ; D, spontaneous respiration. 
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SURGERY 


EVIDENCE OE RESUSCITATION 

Kesuscitation procedures were carried out by v^ay of the face mask 
or intratracheal tube. The criteria of successful resuscifation were 
(1) rapid rise of the blood pressure which Avas maintained and (2) a re- 
turn of regular respiration (Pig. 2). 





, ..iiiin.'ils (doi."-), fmir iiicIIkiiI.s of rcsiiscitatiori 
In our cx],erin.cnts on an.. 

were used: _ ^.^niratio.i with inhalafion nf oKyirt ti uvoi farrifd 

1 "Manual avlif'Ca rt-- rornutf '•'li'in of (he ho’.cr tlioras 

hv moderately vicorons s 


out by moderatelv 



rijT. 3 (Doj? 13). — Nitrous oxide aspiiyxlix at tlio mask. A. Respiration ceases; /> and manual artlflclal vcsplratlou with oxyK^u, showluK 

slow recovery of blood picssurc: D, spontaneous respiration. 
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SUEGERV 


by the extended fingers of botli Jiands at the same time the tlnimbs and 
thenar eminences of tlie hands compressed the upper abdomen. 

2. Tlie rhythmic inflation of oxygen was carried out at 12 to 15 mni. 
Hg pressure. 

3. Rhytlimic suction with oxj'gcn Avas carried out at 8 to 12 mm. Hg 
pressure. 

4. Mechanical resuscitation’®^ AA'as caimied out Avith rJiythmic alternat- 
ing pressure and suction of -f-14 mm. Hg and -9 mm. Hg, Avith oxygen. 
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rhythmic inflation and suction is even more valuable, as can be seen in 
Table I. 

The value of the resuscitation procedure alone ivithout the stimulating 
effect of oxygen can be demonstrated by attempting to resuscitate with 
an inert gas instead of ox 3 ’gen. We have called this resuscitation the 
Phenomenon of Asphj’xial Resuscitation (Fig. 6). It can be produced 
in a high percentage of instances onlv ivith the combination of rhjdhmic 
inflation and suction. Using nitrogen, resuscitation can be produced bj*^ 
manual artificial respiration in 15 per cent, by rhjdhmic inflation in 
17 per cent, bj' rhj’thmie suction in 20 per cent, and by combined in- 
flation and suction in 85 per cent of the instances where tried. This 
phenomenon cannot be produced after double vagotomy (Pig. 7). 

Prom the above considerations it becomes clear that in advanced 
asphyxia ivith cessation of respiration, the inflation and suction action 
on the lungs is important in stimulating the respiratory and eirculatorj' 
mechanisms. 

Section of the vagi prevents the oeeurrence of the phenomenon of 
asphyxial resuscitation, although resuscitation still maj’' be produced 
after double vagotom.v and asphj'xia bj' using oxygen instead of nitrogen. 
In the latter instance, re.suseitation is accomplished bj' the factor of 
oxygen alone, and without the benefit of reflex stimuli. 

We ivish to emphasize that it is the combination of a reflex from active 
inflation and a reflex from active deflation which is necessarj* to produce 
this phenomenon. 

HowelP states : "It ivas found that at each inspiration the galvanom- 
eter gave evidence of the passage of afferent nerve impulses, and that 
when the lungs were foreiblj' collapsed bi' active suction a record was ob- 
tained which might bo accepted as evidence of the discharge of a 
different set of fibers, hlore recent^' a similar result has been obtained 
by Adrian making use of his special technique. After cutting the vagus 
high in the neck, he dissected the nerve so as to isolate a small group of 
Abel'S having a common origin in the lungs. These fibers were connected 
with an oscillograph recorder through an amplifier so that a magnified 
record was obtained of their activity. In this wa^' he was able to show 
that at each inspiration there is a burst of afferent discharges, the rate 
increasing as the lungs expand and falling oft’, perhaps to zero, as they 
collapse in expiration. This result indicates that there are receptors, 
stretch receptors, in the lungs rvhieh are stimulated mechanicall.y as 
the lungs expand and in proportion to the degi’cc of expansion, just 
as the stretch receptors, the spindles, in a muscle are stimulated b.v 
stretching it. The histologic character and location of these sense end- 
ings in the lungs arc still to be determined. It is believed that the 
afferent impulses thus aroused act to inhibit the inspiratory discharge 
from the respiratory center and shorten the inspiratory movement. 
I he I'csult is to quicken the respiratorj' rate, since the center recharo'cs 



PHENOMENON OF ASPHYVIAL RESUSCITATION 
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more promptly. The mechanism acts automatically to keep the respira- 
tions more rapid and more shallow than would otherwise be the case. 
It was found also by this method that a sudden suction applied to the 
lungs set up a hurst of afferent discharges, but that this was not the 
case with the normal passive collapse of the lungs.” 

Henderson and Turner- do not see the necessity of the suction phase 
of resuscitation when, for example, asphyxia occurs during an operation 
on a patient, vdth the chest open, since the lung is already collapsed. 
However, we want to point out that there is the contralateral lung which 
is not collapsed, and it is principally upon this lung that the benefit of 
reflex resuscitation depends. This benefit becomes even more important 
when the chest is opened and one lung is alreadj- collapsed. In addition, 
the suction phase of suck-and-blow resuscitation maintains a more 
regular pulmonarj’ ventilation, even in the collapsed lung. 

CONCLUSIONS 

1. Rhythmic inflation and rhythmic deflation (suction) of the lungs 
each have a veiy definite and valuable place in resuscitation in advanced 
asphyxia. 

2. The combination of rhythmic inflation and deflation of the lungs 
with oxygen or earbogen, using safe pressures, is superior to manual 
artificial respiration, rh 3 "thmic inflation alone, or rhythmic suction alone. 

The authors are indebted to Dr. Otis M. Cope, Professor of Phvsiolojrj', and his 
staff, for their kind cooperation. 
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Fig. 7 (Dog 38). — Failure of phenomenon of asphyxinl resuscitation after double vagotomy. A, Record taken after botli vagi wore cut In 
the mid-neck below the level of the carotid sinus; B, the Intratracheal tube Is clamped; C, re.splration coa.scs and the blood pressure starts to 
fall precipitously, which is quite characteristic; D and E, attempts at suck-and-blow resuscitation with nitrogen fall. 
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In the past, assiclnous attention on the part of the surgeon and all 
assistants was imperative to maintain proper approximation of the 
parts without unduly stretching the pedicle of the graft from its donor 
site or of the sutures at the recipient site. This extreme and tedious 
cooperation was a sine qua non that spelled success or failure, and to 
obviate this difficulty a simple form of immohilization and approxima- 
tion is proposed, namely the mermaid plaster east. 

Method of Procedure . — Two days before operation the defect is in- 
spected and’ approximated to a healthy area on the opposite calf, usu- 
ally by crossing the legs. The donor area and pedicle are outlined with 
dye dr 'Silver nitrate stick. The legs are now separated without chang- 
ing the comfortable angles at which the ankles and knees have been 
held. After applying requisite stockinet and padding, a plaster east 
is applied from the upper thigh to the toes, meanwhile maintaining the 
original degree of angulation at the knee and ankle. A castis likeudse 
applied to the opposite leg. , .A large window is now cut out over the 
defect and a similar large opening made over the donor site. Through 
these windows the areas can be adequately prepared. 

Operation . — A pedicle flap on the donor leg is incised as previously 
planned, with a broad base and with ample subcutaneous tissue. By 
crossing the easted extremities, the donor and defect sites can be ap- 
pro.ximated and their relative position maintained with ease. The 
pedicle is sutured in po.sition along the distal and lateral edges, pref- 
erably with waxed silk interrupted .sutures. By gentle manipulation 
of the casts the pedicle can be moved so as to be held sufficiently re- 
laxed or taut as necessary. The wounds are dressed with a generous 
supply of vaseline gauze. If pressure is required on the pedicle in its 
new bed, a moistened sea sponge can be applied over the vaseline gauze 

(Pig. 1). 

In this easy position, without danger of injuiw to the graft, the limbs 
can now be connected with a few rolls of plaster which, when set, rvill 
absolutely hold them immobile for the required time, usually from 
eighteen to twenty-one days. The patient is comfortable and can be 
turned on his side or face (Fig. 2). 

Tnniment of the Pedicle Graft . — At its new site, after severance and 
separation at the base, the properly planned pedicle will amply cover 
the defect. Trimming of the base and edges may be necessary so 
that proper application of skin edges may be secured. The edges of 
the three sides formerly .sutured have formed a firm union in their 
new position. The base is now sutured in position with one or two 
small drains inserted. The subsequent ti'oatment demands meticulous 
care because this fla]) is a delicate new-born, is mildly edcmalous, and 
requires constant gentle pre.ssurc which is just sufficient to prevent .swell- 
ing but does not produce anemia. Mild external radiant heat is applied 
from a covered overhanging lamp. 



ITAlilAX .MH’I’FIOI) OF JM.A.STIO HEI’AIK OF DENUDED AI^EAS 
l-’OELOWED EV :M^:R^^A^D CAST L^f]MOBILTZATTON 


F(!ank 0. jr.D., F.A.C.S., Omicaoo, III. 

fliom ihi' Lniu r.'.itii of CoUi'pc of JfctUcitir, and the Cool: County Graduate 

Kvhvot of Mrdifiiu, Cool: County Jfapital) 

pATll^N'i’H .sunVi-iti'' from tender, he.'iled sears of the legs or from 
demided areas ainl uieers of the legs of recent or remote origin 
eomprise a coiisideralilc i)roj)ortion of tliose odd refractory eases that, 
after being passed on from elinic to elinie, at long last reach the ortho- 
pedic department. Having exj)erienced too many failures vith A’arious 
methods of conservative treatment, including the usual methods of skin 
grafting to the lower leg, a method of treatment was sought which 
would prove more accei)table and more efneient and would assure more 
successful end results. 

The Italian method of .skin grafting seemed to be physiologically 
sound and altogether the most acceptable of the various skin grafting 
methods. It was first described in 1442 by Brancha of Cateno, Italy, 
and later by Gasparri Togliaeozzi, who popularized the method by pub- 
li.shing a book on pedicle skin grafting in 1597. This voluminous mas- 
terpiece contains many beautiful illustrations. 

Grafts of various types applied to the tibial surfaces of the leg are 
onlj' moderately suece.ssful and frequently fail. Failure is caused by 
(1) lack of suflieient bed of subcutaneous tissue; (2) local inanition 
of the part ; (3) inflammatory conditions under which the thin or small 
grafts cannot survive; (4) mild local infections which destroy the deli- 
cate grafts; (5) circulatory causes, such as endarteritis obliterans, 
localized edema from obstruction to venous return, and capillary de- 
ficiency in surrounding sear tissue; and (6) chronic conditions in 
deeper tissues, such as mildly inflammatory osteomyelitis or osteitis, 
which constantly present obstacles to the healing of the delicate new 

The advantages of the Italian method of skin grafting are (1) ade- 
quacy of size and supply, (2) assurance of viability of the graft through 
•fs' broad pedicle, (3) easy adaptability to almost any location of the 
] (T - foot (4) sufficiency of subcutaneous tissue, (5) simplicity of 
leg 01 ^ j position of patient during the process, and (7) a 

proce uic, placed over bony areas. On the other hand, the 

protecting p ^ neee.ssity of immobilization 

disadvaii o-ges (2) two operations are necessary, (3) local 

for three oi oii^^^ offensive odor may occur, and (4) the diffi- 

mild the limbs together at proper approximation for the 

required time. 

for publication. Oct. 21, 104 
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GOJtJlEXTS 

In the application of any pedicle graft certain general bi’oad rules 
must he followed, but deviation from strict adherence to a rule may be 
necessarj’ occasionally. To maintain nutrition of the flap from the be- 
ginning, the subcutaneous connective tissue, including the superficial 
fascia, must be included because, as Kirschner states, the arteries supply- 
ing the skin run in this connective tissue. Regarding nutrition of the 
flap, it makes little difference whether a flap be pedunculated distally 



Fig. 3. — Donor sUc on right les. 

or proximally, but it is pedunculated proximally whenever possible. It 
is more important for incision lines to follow tension lines than lines of 
lymphatic or vascular supply. Those lines on the posterior surface of 
the leg run in an obliquely longitudinal direction from above and out- 
ward to below and inwai-d. Adbcrenee to this principle is not so essen- 
tial if the flai> is a broad one, hut if it is a long narrow one in which 
the skin edges can be undermined and drawn together at the second 




.St'KClI-Ky 




1 nnlmtnt of I hr Donor Hilr After ihr firrond Slnr/r of Operation . — 
l)u(‘ to (‘hislic con tract HIT of tlio siirioimdinfj skin, the donor site defect 
may he considcralily larger than the area first outlined (Fif?. 3). Ne\er- 
tliclcss, tlie base is of muscle and fascia witli ahundant lilood supply. It 
is covmcd with jiinch ;;rafls from the thif,di or adjacent calf. All of 
thc>(‘ usually sutcivi’ and conifilctc cpithelializalion of the intervening 
spaces occurs in l(‘ss than two weeks’ lime (Fig. 4). 

After the pedicle has been cut, the easts arc lemovcd and left off. 
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, in bed after the first operation 

position of of the leers 


Note the anpula- 
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Benxided ulcers should be treated conservatively until there is a mini- 
mum. of infection present and until the base is covered ivith healthy 
granulations. 

Ulcers exposing the hone of the tibia should be treated conservatively 
until the bone is covered with healthy granulations. 

In scar formation over large areas of the tibia the thin, delicate, super- 
ficial epithelial covering should be excised first so that defect edges ex- 
tend to healthy surrounding tissues. 

In scars from recurrent osteomyelitis the underlying condition as well 
as the underlying unhealthy bone should be treated first. The adminis- 
tration of sulfonamides lias met with spectacularly successful results by 
Hoyt of Akron and their use is indicated. 

Indolent ulcers with malignant tendency should be rather widelj' 
excised before grafting. 

Defects of areas following compound fractures from a strictly ortho- 
pedic standpoint comprise a considerable proportion of the cases which 
are suitable for the proposed procedure. The recent fracture should 
be treated until osseous repair has been established. The nonunion may 
necessitate a .skin graft procedure before a bone graft operation can be 
attempted with reasonable assurance of success. 

CASE REPORT.S 

Case 1. — A. JI., an 18-year-old girl, was admitted to the Cook County Hospital, 
April 1, 1937, because of an ulceration over the internal side of the right ankle 
measuring 3 by 2 inches, and swelling, redness, and stiffness of the lower leg 
and ankle. The diagnosis was chronic ulceration of the leg due to an old healed 
osteomyelitis, and extensive scar formation. 

Casts were applied and fenestrated as has already been described. Then the 
ulceration was completely excised through the surrounding scar tissue. The base 
of the ulcer was greatly curetted. A pedicle flap pedunculated proximally was incised 
on the calf area of the left leg. This extended through the skin and superficial fascia 
down to the deep fascia. It was lifted, the legs were crossed, and the graft ap- 
proximated to the defect on the right leg. The distal and lateral edges of the 
graft were sutured into the corresponding edges of the defect with interrupted 
waxed silk sutures. A vaseline gauze dre.ssing was applied and some soft sponges 
packed in to give moderate pressure. By manipulation of the casted extremities, 
the pedicle could be loosened the desired amount. There was no tension and 
circulation seemed to be adequate in the graft. In this easy position, with a few' 
rolls of plaster of Paris, the casted extremities were immobilized. 

The second stage operation was performed, -April 2-1. At this time the base 
of the pedicle was severed, the legs were separated, and the casts removed. 
The proximal edge of the skin graft was trimmed, fitted neatly into the proximal 
edge of the defect, and sutured with black silk. It was found that the three 
edges had grown in their new position and that a portion of the base had become 
adherent. Pinch grafts were applied to the donor area on the calf. Vaseline 
gauze dressings were applied to the pedicle graft with moderate pressure, the 
leg elevated, and mild heat applied. 

Dressings were inspected one week later and on Alay S, when the drc.ssings 
were changed, the graft was noted to be a 100 per cent “take.” The patient 
was allowed up one week after this; there was slight discharge from one sinus 
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slaf:c‘, iulln'roiico lo lliis ])rin(;iplc is advisable. If tension lines are 
followed, little evidenee of .sear eontraeturc result.s. 

The area lo la* ineiscsl imisl first be carefully and deliberately planned, 
always renieinberiii!' that sbrinkafre of tbe pedicle takas place between 
llie initial oj)ernti()n and the second static and during the healing 
process in its new bed. This is more pronounced in the young. The 
use of a dye or silver nitrate .stick lo outline the proposed incision 
obviates hai)hnzard guesswork at the time of operation. Excessive 
torsion and undue .stretching of the flap .should be avoided so that 



nf tissue fluids may be facilitated. The base of the pedicle 
exchange ^ assure 

sliovild brotic* ^ 

continued viability giiiee there is a nude variance in the type of 

Prcpcw'flfmn of grafting, no absolute procedure can be 

case suitable for folloAving measures are strongly advised. 

dogmatically laid down, butte 
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Case 6.— R. P., a wliite boy, aged 9 years, was admitted to the Soutli Shore Hos- 
pital, July 9, 1938, following an injury. He had a traumatic defect on the lower 
right leg measuring 4 by 2 inches. Operation was performed and pedicle skin 
grafts were applied through windowed casts. 

Eighteen days after the initial operation the second one was done. Split 
thickness Thiersch grafts from the left thigh were applied to the defect in the 
calf and vaseline gauze dressings applied. 

The postoperative course was uneventful; all the graft lived but it shrunk 
somewhat from the proximal suture line inserted at the second operation. 



Fig. 5. — Final result ; note the extension present in arm and fingers. 

Case 7. — W. G., male, aged 21 years, nas admitted to the Cook County Hospital, 
Feb, 21, 19.39, nitli a case of osteomyelitis for which many operations liad been 
done. Two years previously he liad had a skin graft with a mermaid cast, with 
c.xccllent results. At this time he had another area of ulceration due to breaking 
down of tlic old scar at a new position. The patient was prepared and operated 
upon according to the technique already described. The postoperative course v^as 
uneventful; the patient tolerated the immobilization without complaint. The second 
operation was also performed without difticultj- and the patient was discharged from 
the hospital April 12, 1939, with an excellent result. He was seen again in Decem- 
ber, 1939, and the graft was found completely healed. 

coxcLusroxs 

1. Denuded areas on the legs and feet present a definite problem in 
orthopedic clinics. 

2. The Italian method of skin grafting has been found to be a rela- 
tively safe and successful procedure for their care. 

3. IMennaid cast immobilization facilitates the operative procedure and 
the postoperative care. 

4. Seven cases are presented in six patients and results illustrated by 
piiotograpbs. 


llio KHifl, will, 'll Mil.scriuciitly cloNi-d, .Since tlint time it J,ns remained 
healed ; tlie nicer is covered and there i.s ample pad over this portion of the tibia. 

(-AKi. W. (i., male, aged I!l years, was admilteil to the Cook County Hospital, 
.^rar(•h 17. HI.IT, hec.ause of an ulceration over the middle third of the left tibia 
on the anterior surfaee, and extensive sear formation and tenderness over the 
middle two-thirds of the same leg. Operation was jierformed and mermaid casts 
applied as has been described. The postojierative course was uneventful and the 
patient tolerated the easts without any complaint. 


C.\hk .1. .St. H., a colored man, aged 211 years, entered the Cook County Hospital, 
May 15, 1!>I17. He had a flexion contracture of the wrist due to scar formation 
from an old forearm wound. .Since this scar involved the skin and deeper tissue, 
it was thought that an.vthing lc.“s than re.scction of the whole scar would not 
result in release of the contracture, therefore, resection of the scar with subse- 
quent j)ediclo graft was advised. The day before operation the forearm was 
placed in a plaster of Paris cast and n largo window cut over the proposed site 
of operation. Through the window, operation was performed, taking a pedicle 
from the abdomen. Position was maintained by extending a ciist from the fore- 
arm around the body. 

The postoperative caurse w-as uneventful. No inspection was made because 
the arm and bod.v were encased in a cast. The second operation was performed 
fifteen days after the first, and the second postoperative course was uneventful. 
The flap took very well. Under physiotherapy the movement in the patient’s 
fingers returned to 75 per cent. When the graft healed there was still some con- 
tracture of the fingers with the hand and wrist held at ISO degrees. A series of 
plaster casts was applied to the forearm and fingers, gradually stretching them to 
full extension by the end of two months (Fig. 5). 


Case 4. — F. V., a 5S-year-old man, was admitted to the Cook County Hospital, 
April in, 193S, because of an ulceration on the lower portion of the internal surface 
of the left foot. The examining room diagnosis was a squamous cell carcinoma at 
the base of the left toe. Casting and operation were performed, then a Thiersch 
split skin graft was applied to the area denuded by the pedicle. Vaseline gauze 
dressings were applied to both areas with moderate pressure of fluffed sponges 
over the pedicle graft. Both were immobilized in this position with a few rolls 
of plaster of Pari.s and hold in position until set. The second stage operation 
was performed under general anesthesia. The pedicle skin graft flap from the 
right leg onto the medial side of the left leg was severed at the base of the 
flap; it was entirely viable and there were no areas of sloughing. 

The patient was discharged on June 16. He returned to the clinic first at 
eklv intervals, later every two weeks. There was no recurrence of the ulcera- 
-ind the deep tissues were healthy. Si.x months postoperatively there was 
”” no swelling and the part had assumed almost a normal appearance. The 
- nnrt was a squamous cell carcinoma ulceration. The condition of 
patho ogiC r apfect sites was verv satisfactorj- eighteen months after 

both the donor anu 


operation. 

V H man aged 47 years, was admitted to the Cook County Hospital, 
Case 5. -> s'- , ulceration over the upper third of tlie left tibia on the 

June 2S, 193S, ni > u ^ compound fracture of the left tibia in 1929, with in- 
anterior surface. e ^ subsequent osteomyelitis. Six months later the bone was 
fection of the bone an rieht leg was quite accessible and was covered ivitli 

1 Tlic donor site on me >6 ° _ 

r tE'L.* ' a 

area HUed in from the edg • 


area. The graft took and ultimately tlie entire 
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localize in response to both chemical and bactei’ial irritants. It is in- 
teresting to note the similarity of the effect of adrenalin to narcosis on 
capillary permeability and inflammation in the skin of the rabbit.' 

Adrenalin when given intradermally and intravenously in large quan- 
tities inhibits the development of hyperemia in areas of skin where 
xylol is applied. Trypan blue when given intravenously, fails to lo- 
calize and to concentrate in areas of the rabbit’s skin where adrenalin 
is injected intradermally and xjdol is applied locally, although the 
areas become reddish brown in color after twenty to thirty minutes. 

Capillary permeability and inflammation have been studied in rab- 
bits with staphylococcal septicemia.' It was noted that capillary per- 
meability and inflammation, as observed in the skin, is different in a 
rabbit with a staphylococcal septicemia from that in a normal rabbit. 
This variation apparently may be the result of constriction of small 
cutaneous blood vessels. This reaction in the skin is similar to that 
which may occur in rabbits anesthetized ivith either alcohol or ether, 
or injected ivith large quantities of adrenalin. 

An experimental study of capillary permeability and inflammation 
in rabbits with lowered blood pressure is considered important in view 
of the previous experiments and the subsequent obseiwations to be 
reported on capillary permeability and inflammation in shock. 

METHODS AXD MATERIALS 

In our experiments rabbits are used. The blood pressure is recorded 
from the carotid artery either by a mercury manometer or on a kymo- 
graph. The tissues in the neck are anesthetized with a 1.0 per cent 
solution of novocain. A 1.0 per cent .solution of sodium citrate is used 
as the anticoagulant in washing the cannula and the tubing. The 
length of time during which the animals are observed in these experi- 
ments varies from an hour to six hours. 

The arterial blood pressure is lOAvcred either by removing blood 
through the cannula or by bleeding directly from the heart. Some- 
times multiple small bleedings are made, while in other experiments 
a single large volume of blood is removed. The quantity of blood to 
he removed is determined by the level of the blood pressure. 

The skin is shaven carefully twenty-four hours or longer before the 
experiment is begun. Xylol Is applied carefully to local areas of skin 
at varying intervals before 10.0 to 15.0 c.c. of a 0.2 per cent solution 
of trypan blue is injected intravenously in those experiments where 
capillary permeability is studied. The time and the amount of dye 
that localizes in the different areas of .skin is recorded. 

Macroscopic and microscopic ob.scrvations are made on the xylol- 
treated areas of the .skin, the areas injected intradermally with a heavy 
saline suspension of staphylococci, and also with a 2.0 per cent .su.spcn- 
sion of aieurouate. Sections of the skin arc removed at different inter- 


'J'JIK EFFECT Ol'" LOW BLOOD PEESSUBE UPON CAPILLAEY 

per:\ieability and jnpla:\biation in 

Tim SKIN OP RABBITS® 

R. 11. Riono.v, JI.D., Rohkkt I\r. a\d Richard P. Blaxd,! 

^lEMi-ins, Te.vx, 

(Iron the J)rji(irlment of Tatholoiiy, Univcrsily of Tennessee) 

O NE of IIS (R. 11. R.) lias been inferesfed in the facfois that influence 
capillary pcrincabilily and inflammation in the skin of the rabbit. 
The mechanism by which increases in capillary permeability may occur 
has been discussed frequent The localization and the concentra- 
tion of certain colloidal dyes following intravenous injection has been 
used to demonstrate changes in capillary pei-menhility. An increase 
in capillary permeability oceur.s when the dye localizes and concen- 
trates more quickly in one area of .skin than it does in another in the 
.same animal. 

Trypan blue injected intravenously localizes and concentrates in areas 
of inflammation produced by xylol in the rabbit.'* The time required 
for the localization of the dye and the quantity of dj^e that localizes 
and concentrates in an ai'ea of inflammation is influenced bj' the inter- 
val between the application of the irritant and the injection of the dye. 
The greatest quantity of dye localizes and concentrates in the area 
where xylol is applied the shoidest time before the d.ve is given. There 
is a progressive diminution in the quantitj’- of djm that concentrates in 
xylol-treated areas when the interval betiveen the application of xjdol 
and the injection of the dye is progressively increased. "WTien xylol 
is applied three hours or longer before the dye is injected, essentially 
the same amount of dye localizes in the x 3 dol-treated areas as in the 
untreated skin.'* 

Macroscopic and microscopic observations are made in the studies 
on inflammation and the presence or absence of leucocytes about the 
irritants is considered significant. The relationship of capillary per- 
meability, as defined above, to the presence of pobunorphonuclear leu- 
cocytes in areas of inflammation has been discussed.® 

r niUary permeability and inflammation have been studied in nar- 
d rabbits.® Capillary permeability in areas of inflammation is 
^ d in rabbits narcotized with both alcohol and ether as demon- 
alteie localization and the concentration of tiypan blue. The 

strate ty ^ ^ p^j^se may be either greatly diminished or only slightly 
inflamma oij nai-cotized with alcohol and ether, as indicated by 

decreased m i< edema, and the number of leucocytes that 

the anioTOt ox w v 

^ from the John»and Mary R. MarkJe Foundation and the Univer- 

,[tj' y.iversily ot Termsssee. 
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A reddisli bro'wn color similar to that observed in rabbit X-1 has been 
observed and described in other experiments.® 

Babbit X-22 

4:20 P.M. Cannula put into carotid; blood pressure, 140. 

4:25 P.ISI. 30 c.c. of blood removed from heart; blood pressure, 50. The skin 
over the entire body is pale. 

4:30 P.M. Xylol applied to the skin in area 1. 

4:34 P.M. There is no hyperemia of the skin in area 1. 

4 :35 P.M. Xylol applied to the skin in area 2. 

4:40 P.M. Xylol applied to the skin in area 3. 

4:42 P.M. Xo hyperemia or edema in any of the xylol-treated areas of the skin. 
4:45 P.M. Blood pressure, 80. 

4 :30 P.M. Xylol applied to the skin in area 4 ; blood pressure, 88. 

4:54 P.M. Xylol applied to the skin in area 5. 

5:00 P.M. Xylol applied to the skin in area G; 10 c.c. of trj-pan blue given 
intravenously. 

5:13 P.M. There is no dye in any of the xylol-treated areas. 

The pale appearance of the skin immediately following the with- 
drawal of blood would suggest constriction of the cutaneous vessels. 
The absence of the development of hyperemia and edema in the skin 
of this rabbit and the failure of trypan blue to localize within a period 
of fifteen minutes is certainly different from the reaction in the normal 
rabbit. 

The following protocol illustrates the variation in the localization of 
trypan blue in rabbits with a lowered blood pressure as compared with 
the normal. 

Habhit X-2 

3:15 P.M. Blood pressure, 120. 

3:35 P.M. 20 c.c. blood removed through the cannula. 

3:45 P.M. Blood pres.sure, 70. 

3 ..50 P.M. Xylol applied to the skin in area 1. 

4:00 P.M. Very little hyperemia is present in area 1. 

4:15 P.M. Xylol applied to the skin in nrea 2; blood pressure, 74. 

4:22 P.M. Xo bypcreniia is present in area 2, 

4:45 P.M. Xylol applied to tbe skin in area 3. The skin in areas 1 and 2 is a 
little reddish brown. 

5:10 P.M. Xylol applied to the skin in area 4; blood pressure, 5G. 

5:15 P.M. Xylol applied to the skin in area 5. 

5:18 P.M. Xylol applied to the skin in area C; 10 c.c. of trypan blue given 
intravenously. 

5:20 P.M. Blood pressure, 74. 

5:23 P.M. A little dye is present in area 3. 

5:27 P.M. A little dye is present in areas 2, 3, and 4. 

5:40 P.M. Ttie largest amount of dye is pre.scnt in area 3. .Approximately the 
same amount of dye is present in areas 2 and 4, less dye in are-.v 5 tii;in in area 4. 
and less in G than in 3. There arc approximately a dozen small blue areas 1 to 2 
mm. in diameter in area 1. 

(1:00 P.M. Tlie quantity of dye is gradually inereasing in nreas 5 and G. Tliere 
is about the same amount of dye in nrc:»s 4 and C, only a little in 2 and none in 1 
exeept for the .snmll pinpoint eolleetions. There is no trypan blue in tlic untreated 
skin of tliis rabbit. 



fiUItOlIKV 


vnls folloAvinir llic injection of the irnfiints. Tlioy are fixed in a 10 
]n'r cent .solution of formalin. I’nraffin sections arc prepared and 
stained ^vith hematoxylin and eosin. 

on.sniiVATio.N’.s ox cAi’ir.uAnv i’i;i{Mi:A»njTv ix tiik skin 
or HAmiiT.s WITH A now hi.ood i>nn.s.suRi: 

Seventeen rabbits are used in tliis experiment. A majority of these 
are adult rabbits Aveifjbin*; from 1.5 to 3.0 kg. A few j'oung rabbits 
are used. 

It is diflicult to standardize the experimental procedure since the de- 
gree of the fall in blood pre.s.sure varies so widely in the different 
rabbits. The following protocols arc selected to illu-strate the changes 
observed in the localization of trypan blue in adult rabbits: 

Kiil.bit X-l 

2:-15 r.Af. Caimiila put into c.-irotid; blood pressure, li4. 

2:-}4 P.M. 40 c.e. of blood removed tlirou"li cnnuul.n; blood pressure, 4S. 

.'liO.'j P.M. Blood pressure, J2.S; 10 c.c. blood removed. 

.1:10 P.At. Xylol applied to the skin in area 1. 

:!:20 P.M. Xylol applied to the skin in area 2. 

3:.10 P.M. Xylol applied to the skin in area 3. The skin in area 1 lias a reddish 
bronn color. 

3:.10 P.M. Xylol applied to the skin in area 4; blood pressure, 98. 

3:o0 P.M. Xylol applied to the skin in area 5. 

3:33 P.M. Xylol applied to the skin in area C. 

4:00 P.M. There is no hyperemia in areas 3, 4, 5, and 6. Xylol applied to the 

skin in area 7; 15 c.c. trypan blue given intravenously. 

4:03 P.M. Xo dye has localired in any of the xylol-treated areas of the skin. 

4:20 P.M. Areas 1 and 2 are reddish brown in color and there are small blue 
spots in the area. Trypan blue is present at the peripheiy of the xjdol-treated skin. 

4:25 P.M. A small amount of dye is present in areas 5 and 6. 

4-40 P.M. There is a diiuinution in the intensity of the reddish bro^vn color from 
area 1 to area 7. There is no dye in area 7. 

4-45 P.M. Little spots of dye are present in areas 1, 2, 3, and 0. 

In rabbits with normal blood pressure the dye usually appears in the 
last area of skin treated with xylol within a period of five minutes. 

In these rabbits with lowered blood pressure, the time required for the 
1 e to localize is much longer and sometimes it fails to localize. The 
localization of the dye at tlie periphery instead of within the xylol- 
. * t 1 area has never been observed in the normal rabbit. Blue areas 
9\nm' in diameter, in the xylol-treated areas, have not occurred 
■ 1 - bbits with normal blood pressure. The dye localizes and con- 
in the la iniiform manner in the normal rabbits where 

centrates m tlie ski 

xylol is appli hyperemia after the application of xylol to 

Freqtfently leie blood pressure. HjiDeremia occurs 15 to 

the skin of I'a i s application of this irritant in normal animals. 

30 seconds following hyperemia and both remain for several days. 
Edema rapidly follows 



30T 


"'“ rltravffio^'y O'®: “'“/u ol tha^e removal 

rftUa-'i 


^ FiS 1- WG ni™; ®n<=ion'’ 0° 

rntid arten-- ^ j, =^\\ne remo'cd si- 

.,w pul Hc g2 cc •’i “section the groups ot 

lu)ur« prpssuro >•’ .i^tn „V nactcria 

''T-«’". »t.,,?am«"'' »' "””' ..rictO. trvpan Uim 

mmtratwg ' jivc eons 

G xv\o1. Fuvt^tevmovc, sm* "'""r tU' smnU vessels 

''"'I ivmovphonnelcar eonstvicttou of l,otH 

nuvuvcnovesly una 





v\l) (I(» (io( .slio^v so a variation in the lime in which 

Ir^^pan blue Joealizes iti the xylol-ti'oaterl areas as eomjjared with a 
normal aihiit aninuii. Thv i'ollowiiifr jn'otoeol illustrates the localiza- 
tion ot trypan hlne in xylol-ti'pated areas of a normal rabbit. 

)t!ili1)it a 

1 la.l A'ylol applied to the skin in area 1. 

2: It) 1*,M, Xylol a[»[)lied to the skin in area 2. 

2:25 I’.M, Xylol np[)licd to the skin in area 3. 

2:*10 I*,Ar. Xylol ap|)lied to tin* skin in area 4. 

2:45 P.jr. Tlte xylol-treated areas of skin arc hypcreniie and edematous. 

2:5.'! P.isr. Xylol applied to the .skin in area 5. 

3: JO P.M. Xylol ajijdied to the skin in area C; JO c.c. of trypan Iduc given 
intr.'ivenoiisly. 

3:J3 I’.M. Dye is pre.sent in areas 5 and C, the greatest amount being in area 0. 
3:25 P.jr. The greatest amount of dye is present in area 0, with a progressive 
decrease in the quantity in areas C to 1. 

JIACRO.SCOI’IC Axn AIICUOSCOI’IC KVmi;XCK.S OF INFLAAIMATIOX IX 
I{.\nHIT.S WITH LOW' BLOOD PltFS-SUHK 

In the iireeeclin" experiments it ivas shown that the shin of rabbits 
with low blood pressure may fail to beeome hjiiereinic following the 
application of xylol. Twenty J-tibbits are used in this experiment to 
study the inflammatory reaction. The normal arterial pressure is de- 
teriniued in fourteen of the animals before bleeding and at varying 
intervals thereafter. Six of them are used as controls. All the rabbits 
ai'C injected intradermally with a suspension of both staphylococci and 
aleuronat six hours, four hours, and two hours before they are killed. 
Xylol is also applied to other areas of skin at the same intervals. 

There is a Avide A'ariation in the arterial pressure in these animals. 
However, there ahvays appears to be a relationship betAveen the arterial 
pressure and the macroscopic eAudences of inflammation. When the 
pressure is around 60 mm. Hg there is a definite decrease in the amount 
of hyperemia and edema and a diminution in the number of leucocytes 
Avhich localize in the tissue. These changes are nicely illustrated by 
rabbit 336 in Avhicli the decrease in the number of leucocytes is very 
conspicuous (Pig- l-^)- control for this animal shoAvs a diffuse 

infiltration of the tissue Avith polymorphonuelears (Fig. 15).. Leuco- 
t s may fail to localize about both staphylococci and particles of 
Avhen the blood pressure 'is lower than 50 mm. Hg. No ma- 
^ ■ reaction occurs in the skin of rabbit 336 foIloAving the injec- 

croscopic essentially no polymorphonuclear leucocytes 

in the histologic section. 

DI.SCUSSION 

+• m made in this sfudj" show that the reactions in the 
The observa mi ^ rabbit noth Ioav blood pressure fi'om those of a 
sldn are j fail to produce any hyperemia in the skin 

normal rabbit. Xy 
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bits to localize and to concentrate about the bacteria? Thirty cubic 
centimeters of blood are removed from each of four rabbits and white 
blood cell counts are made on the blood obtained from the ear of each 
rabbit at frequent intervals during a period of six hours. This quan- 
tity of blood is similar to that removed from other rabbits in these 
experiments. There is a slight increase in the number of Avhite blood 
cells above the normal in each of these I'abbits. This observation would 
suggest that the failure of leucocytes to localize about the liacteria may 
not be due to their complete absence in the circulating blood. 

To determine the effect that a decrease in the number of leucocytes 
may have upon the development of any inflammatory reaction a group 
of four rabbits is given subcutaneous injections of benzene in olive oil. 
The white blood cell counts are followed daily and when the number 
of leucocytes reach 3,000 or less a saline suspension of staphylococci is 
injected intradermally. The macroscopic reaction in the skin appears 
to be identical with that in rabbits with a normal number of circulat- 
ing leucocytes. These observations also appear to support the opinion 
that the failure of leucocytes to localize and to concentrate about 
staphylococci in rabbits with low blood pressure may be the result of 
vascular constriction in the small, cutaneous vessels and not the result 
of a diminution in the number of leucocytes in the circulation blood. 

Low blood pressure in rabbits alters the reactions to irritants in the 
skin. There is a diminution in the degree of hyperemia and edema 
about the foci of injected staphylococci and aleuronat and a decrease 
in the number of polymorphonuclear leucocytes which localize in the 
tissue around these irritants. In rabbits with very low blood pressure 
both macroscopic and microscopic changes raaj' fail completely to 
develop. 

Trypan blue injected intraA'enously localizes in areas of inflammation 
in the skin of rabbits with low blood pi-essure in a different manner 
from what it does in normal rabbits. This dye may fail to localize in 
areas of inflammation in some of the rabbits with exceedingly Ioav 
arterial pressures. 

RKFERENCE.S 

1. Burrows, H.; Some Factors in tire Locniization of Disease in the Boriv, Kew 
' ^ York, IiiS2, Williiiin Wood & Company. 

2. ilenkin, V.: Dynnraics of Inflnmmation, Xew York, 1940, The Alncmilhin Com- 

pany. 

a. Ripdon, R. H.; Relation of Capillary Permeahilitv to Inflammation, South. At. 
.1. 34; 292, 1941. 

4, Ri(;don, R. 11.; Cnpillnry Pcrmealnlity in Areas of Inflammation Produced bv 
Xylcnc. Arch. Surg. 41: 101, 1940. 

3. Cressman. Ralph D., and Rifjdon, R. H.: Capillary Permeability and Inflamma- 

tion in Karenti/.cd Rabluts, .Vreh. Sure. 39: ."iSri, 1939. 
fl. Ripdoii, R. H.; .V Study of C:tpiUnry Pcrmealiility and Inflainmntion in the 
Skin of Rabbits Given Adrenalin, Srr.oKny 8; S'.l'.i, 1940. 
r. Rigdon, R. H.; A Study of Capillary Permeability and Inflammation in the Skin 
of Kaldnts With Stapliyloeoccal Septicemia, .Arch. Surg. 44: 129, 1942. 



30R 


SIJKGKUV 


cniin fniU’tl l<t occur niul ii'ypaii blue did not localize following an in- 
Iravenmis injection.'' 

J he variation in the time rcfiuircd for trypan blue to localize and to 
concentrate in xylol-treated arca.s of .skin in rabbit.s with low blood 
pressure as eonii)ai‘ed with the controks i.s al.so intcre.sting. If trypan 
blue localizes and coneenti'ates in xylol-treated areas of skin as the 
result of a metabolic change in the cells, then the rate at which this 
change occurs is influenced by the acute lo.ss of blood." The changes 
in the epithelial cells in the .skin following the application of xylol are 
much slower in rabbit.s with low blood pressure. It must be remem- 
bered that each of these observations on the localization and concen- 
tration of trypan blue in xylol-treated areas of .skin is made in the same 
rabbit. 


The observations made in this experiment arc more significant when 
it is recalled that tr.^'pan blue loealize.s and concentrates in one area of 
the skin and not in anotber when both are treated exactly alike. This 
variation results from the dififerenee in the time that the xylol is ap- 
plied to the areas and the dye is injected intravenously. The quantity 
of dye in the circulating blood progressively decreases follouing inocu- 
lation. This factor, however, apparently will not explain either the 
variations in the localizing of the dye in the different xylol-treated 
areas of skin in a noimial rabbit or the variations observed in a rabbit 
with low blood pressure resulting from the withdrawal of blood. 

Trypan blue injected inti'avenously localizes and concentrates in a 
normal rabbit more or less vxniformly throughout the area of skin 
treated with xylol. In some of the rabbits with low blood pressure 


this dye localizes and concentrates at the periphery of these xylol- 
treated areas of skin. The reddish-brown color of the xylol-treated 
areas of skin which is usually present in such animals has been ob- 
served in other experiments.'' At this time we have no infoi’mation or 


simo'estions as to the mechanism of this phenomenon in which trypan 
blue localizes and concentrates at the periphery of a reddish-brown 
zone of xylol-treated skin and not in the center. Vascular occlusions 
have not been noted in the histologic sections. The rabbit’s blood 
ressure must be very low before there is a significant decrease in the 
development of the inflammatory reaction as shown by the macroscopic 
in the skin and by the diminution or complete absence of 
^ ^ ^ ,j-gs in the tissues. Variations in the localization and the eon- 
leucocj e jjjay observed in animals with a pressure 

centra 1 .^vhich is present when leucocytes fail to 

somewhat lughei 

localize m maintain the rabbits for several hours with very low 

It is difficu Clotting occurs in the cannula 

l)l00d prGSS\lT6S Ultiiij 

and makes recording uns consider in these studies. Is there 

There is one inipoi c peripheral blood of these rab- 

a sufficient number of leueo 
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eal procedure. Of the 179 patients having removal of the tumor, the 
hospital mortalitj' rate was 7.2 per cent. The operations perfoi’med 
were one-stage abdominoperineal resections of the rectum in 129 pa- 
tients with 10 per cent hospital mortality, 28 two-stage Jlummery opera- 
tions, 16 two-stage obstruction resection operations, and when the tumor 
was at the rectosigmoid junction 5 local removals of small tumors and 
one resection of the retroperitoneal rectum, all the latter groups with 
no mortality. During the past ten years we have become increasingly 
convinced that the one-stage abdominoperineal operation is the opera- 
tion of choice in most patients. For instance, since 1935 we have done 
a one-stage abdominoperineal operation 114 times to 5 two-stage hlum- 
merj- operations during the same period. 

A report on the ultimate survival of the patients will be the subject 
of another communication but our impression is that the extension of 
operative indications to include eases of doubtful operability is fully 
justified by the survival rate. 

In 93 (34 per cent) patients of the 272 operated upon, the growth 
was considered inoperable for the following principal reasons: 

Extensive liver metastascs 40 

InfiUratioa of the growth into the base of the btaeWer 2S 

JIarked infiltration of the growth into the prostate, vagina 25 
or sacrum 

Table 1 gives all the causes of inoperability in 98 patients. 


T.tBim I 

C.WSES OF IsoFF.K.VBn.iTV IS OS P.vrtES'TS OF 277 Opeb.vtep Upon 


1. Extensive liver metastases 

40 

2. Infiltration of tlic tumor into tiie base of tlie Idailder 

2S 

.3. Marked infiltration of tlie tumor into the prostate, vagina, 

23 

or sacrum. 


4. Perforation of the tumor into the soft parts 

3 

0 . Eiglitv or more vears of age and hroncliitis or bronchiectasi.s 

1 

i>. Extensive peritoneal involvement 

2 

7. Attachment to tiie posterior abdominal wall , 

1 

S. Large gland." along the aorta | 

1 

Total (one jiaticnt ha»i more than one cau«e) 

99 


('oloslomy was performed in 89 of tiicse inoperable patients, with an 
oi)crative morlality of two (2.3 per cent). The incision was closed in 
nine patients xvitiiout doing anything bceause it was felt that detith 
would ensue before obstruction of the bowel from the tumor would oceur. 
The.sc jmtients Itad extensive involvement of tlie liver, and small tumoi-s 
causing few sxmiUoms. 

tVe have considered definite liver involvement with metastatic cancer 
a.s a contraindication to radical removal of flic primary growih in the 
rectum. There were forty patients or 42 per cent of the whole inoper- 
able grou]) in this category. When, however, one or two small nodules 
wore palpated in the liver, the liver was .s.andy, or there was any doubt 





A CONSIDERATION OF THE CONTRAINDICATIONS FOR 
RADJCAIj OI’ERATION in CANCER OF THE RBCTUil 

Veisnox C. David, j\I.D., and R. K. Oilciihist, JI.D., CniCAGO, III. 


jP\UE to (lie racliorc.si.sliiiico of Ciii'eiiionia of the roctiim, it is generally 
i--' agreed that radical operative removal of Ihe tumor offer's the best 
chance of euro. It therefore follows that llic higher the operability 
rate the greater will he the number of patients given a chance of cure. 
The iaetors entering into tlie determination of the operability rate 
a.ssume great imiiortance in tlic mortality rate of the operation as well 
as in the ultimate survival of the jratients ojicrated upon. The oper- 
ability rate dcjrends primarily on the experience of the .surgeon in that 
his judgment must determine whether the growth can be entirely re- 
moved with a reasonable mortality aJid survival rate. As the opera- 
bility rate rises, the technical diflieullies of the o])eration increase. The 
operative mortality rises but the toiul number of patients given several 
years of health or iiermanent euro should increase. There conseciuently 
is a dividing line where in the opinion of the oiierating surgeon the 
growth cannot be removed or the patient could not survive the operation. 

It is the purpose of this paper to review our personal experience in 
the hast ten years of the operative treatment of cancer of the rectum 
as it concerns the contraindications for radical removal of the growth. 
The group of patients concerned are those entering the hospital for 
operation, and exclude those seen in consultation. This formula is 
adopted because many patients were seen in consultation, whom we 
considered operable or uioperable, wJio either refused operation or went 


elsewhere. 

In reviewing our material from 1930 to August, 1941 we found that 
we had admitted to the Presbyterian Hospital, for operation, 277 cases 
of carcinoma of the rectum. Of these we considered five inoperable, one 
due to vaginal metastases and four because of firm fixation to the sacrum 
and prostate. The remaining 272 patients were operated upon. Of 
these remaining 272 eases, 179 were radically operated upon (66 per 
t ) Of these 179 having removal of the tumor, 105, or 55 per cent, 
^?ere doubtfully operable due to age (38 over 65 years of age) ; one or 
7 j doubtful nodules in the liver, 15; dense pelvic adhesions, 9; obesity, 
in° ecessity of resection of the bladder, ureter, prostate, rectovaginal 
nr adnexa, IS, with the tumor, as well as to other fac- 

tors not extension of the indications for radical operation it is 

In view 0 rate should be kept within a reasonable figure 

obvious tha survival rate after operation should justify the radi- 

all d tl a Western Surgical A.ssociation, St. Paul, Minn., 

-genteel at the meeting of the W 

^^^Rccdvetforpuhlioation, Jan. 12,1^^ , 
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There were 23 cases deemed inoperable because of advanced infiltra- 
tion and fixation of the tumor to the prostate, sacrum, or rectovaginal 
septum. As alreadj’’ indicated, 5 of these patients were not operated 
upon at all due to the short life expectancy and most of the others 
were given a colostomy because of approaching obstruction and marked 
infection of the tumor. These patients lived on an average of eleven 
months after operation and were a most distressing group, requiring 
increasing doses of sedatives. The border line between inoperable fixa- 
tion and operability where a large part of the prostate or rectovaginal 
septum is removed with the tumor is not easy to define. We have in- 
creased gradually the indications for operation in that group and in the 
period under discussion have removed a part of the prostate, urethra, 
or rectovaginal septum in thirteen patients. There were two postopera- 
tive deaths but otherwise we are in favor of the procedure. We have 
also removed a part of the sacrum in a few patients but we have not 
felt encouraged to continue doing so. 

Perforation of the tumor into the soft parts or with abscess forma- 
tion was a contraindication for operation in three patients. This com- 
plication is not a frequent one and is not an absolute bar to radical 
removal of the tumor if it is possible to include the soft parts in the 
resected specimen. 

Two patients had rather extensive peritoneal involvement with car- 
cinoma, which made radical operation inadvisable but the presence of 
peritoneal plaques of carcinoma around the intraperitoneal tumor has 
not deterred us from radical operation. The prognosis in that group 
will, of course, be considerably clouded. 

During this period we have considered age alone as contraindication 
for radical operation in only one patient, a man 81 years of age with 
a marked bronchitis. Thirty-eight patients over 65 years of age have 
had surgical removal of their tumor and while the operative mortality 
(four deaths) from pneumonia and embolism is higher in this group 
than in a younger age group, the survival rate justifies the procedure. 
The type of operation used in this age group must be selected carefully. 

Tlie size of the tumor has relatively little to do with its operabilitj'. 
Small tumors may have e.xtensive metnstases into the glands or liver 
and large lumoi-s may have none. The only disturbing factor in large 
lumom is the mechanical one and we favor the one-stage abdomino- 
perineal operation exclusively in that group. 

Knlargcincut of the lymphatic glands along the superior hemorrhoidal 
and inferior mesenteric vessels or even along the aorta is not considered 
a oontraindicalion to operation because many such glandular enlarge- 
ments are due to infection and we have found from a careful study of 
the.se glands that it is not pos.siblc to be sure of the nature of the en- 
largement witliont bistologie examination. Where glands are gimsly 
enlarged it is wise to extend the upper limits of the operation as far 
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as lo tlie cliarnctc'r of llio nodules in tiie liver, radical operation was 
carried out. Tliis j)rinciple is i)artieularly important because the dif- 
ferential diagnosis between angiomas or adenomas of the liver and early 
carcinomatous lesions is extremely difficult to make and especially so 
when the only metliod available is the sense of touch. Wc are aware 
of the fact that several experienced surgeons have advocated radical 
removal of the cancerous rectum when definite hut early involvement 
of the liver was present. In view of the tedious convalescence following 
radical removal of the rectum and the short life expectancy (ten months 
in our cases) where definite liver involvement is found at the opera- 
tion, we have not considered such a eoiu’se a sound one. On the other 
hand, colostomy has been omitted in a number of patients with advanced 
cancer of the liver and a small rectal growth where it wms felt that 
death from the liver involvement would occur before obstruction took 
place. Some of these patients have died of intcrcurrent disease without 
becoming aware of the hopelessness of their condition. Naturall}", this 
latter group is a small one and is mentioned onlj- to emphasize the im- 
portance of individualization in the eases of this inoperable group. 

The second largest cause of inoperability is infiltration of the tumor 
into the base of the bladder. There were 28 cases, or 29 per cent of 
the whole inoperable group, in this class. This is a very distressing 
group due not only to their inevitable suffering from a progressive in- 
filtration and often a final rupture into the bladder but also to their 
tendency to live on an average of fifteen months after the exploratory 
operation. In the earlier eases we used radium treatment by inserting 
radium into the growth from the I’eetal side or bj' the additional use 
of radium packs. There is no question that the rate of growth of the 
tumor is lessened but there is also but little doubt that the patients' 
suffering is increased. One patient given very extensive radiation lived 
for three years but it hardly seemed -worthwhile in view of the suffering 
entailed. No patient was cured by radium and it seemed very probable 
that perforation into the bladder was hastened in some. 

In contrast to infiltration of the dome or posterior surface of the 
bladder where resection of the bladder with the tumor is always car- 
•■"d out we have adopted a rather hopeless view in the cases having 
-ation of the base of the bladder and have not attempted resection, 
mu- - be an incorrect decision, particularly in otherwise favorable 
This raa attempts should be made in a small series of cases to 

risks, an bladder and transplant the ureters into the dome 

resect Beeldess surgery is bad surgery but in this group we 

of the bia ■ mortality, with a relatively long life ex- 

are faced^ wi , ^ al; i-emoval is made. It is therefore reasonable to 

pectancy if ^ ® ^ ~ extension of the indications for radical opera- 

consider the otherwise favorable risks, 

tion in a small gioi P 
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Contamination of the Peritoneum 

C oncurrent ^vith widening possibilities in the prevention and 
control of surgical infections through recent developments in chemo- 
therapy, the distinction between contamination and infection of wounds 
is receimng the attention it deserves. Curiously enough, few observers 
have made the same distinction in regard to the peritoneum in associa- 
tion with disease, particularly appendicitis. Tliat the distinction is 
valid in the peritoneum, as elsewhci’e, is indicated by established sur- 
gical principles under conditions in which the contaminating organisms 
are less virulent and less numerous than in appendicitis, as in perfora- 
tion of a duodenal ulcer. It is ^videly recognized that the peritoneum, 
although contaminated, may escape infection if the source of contamina- 
tion is promptly eliminated. During operation on a perforated duodenal 
ulcer one often sees gro.ss changes which are compatible nith peritonitis, 
that is, injection, dulling, fibrin deposits, and free fluid, even a short 
time after the contamination has occurred. That these appearances are 
not necessarily evidences of e.stablished peritoneal infection is cpiite 
clear from the subsequent course of the disease. "What they repre.sent, 
in fact, is an infiamraatoiy process in response to contamination and 
chemical damage, resultmg in destruction of invading organisms. The 
histologic picture of a contaminated wound which is successfully hand- 
ling contamination differs from the histologic appearance of this inflam- 
maton- process in the peritoneum only through the differing natures of 
the ti.s.sues involved. 

It is quite obvious that mere inspection of. or even positive culture 
from, the peritoneal surfaces, after contamination from a perforated 
duodenal ulcer, docs not indicate whether or not a definitely estab- 
lished infection of the peritoneum will eventuate. The same is true of 
the appearances in the neiuhhorhood of a recently pci-forated appendix. 
Vet almost all authors cla.ssify as peritoniti.s any perforation of the 
appendix wliich shows an inflammatory pvocc.ss in the neiuhhoring 
peritoneum. As was pointed out by Lolmian and Parker,’ among others, 
many of the.so early jierforations are no more tlr.ut contaminations of 
tb(> peritoneum and do not present the real problem.s of an established 
peritonitis if the source of the eontainination is promjuiy remove<l. 
Just as in aceideutal wounds, only the subsequent course of the discast* 
will indicate whether or not peritonitis has oeenrrcd. 
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ns ])os.sil)lc, llio superior inesenlerie aHcry just distal to the 

lirsi sifiinoid branch and in sonic instances carrying dissection of tlie 
soft pints above the ligation. 

Altacbinenl ot the inlra])critoneal poi'lion of the tumor to the uterus 
or adnc.xa, dome ol the bladder, ureter or other loojis of bowel should 
not be a contraindication to radical operation as these struetures can be 
removed Avith the tumor. 

Adijiosity is no contraindication jier .se for radical operation although 
it must be said that the technical difYicultics of the operation are in- 
erea.sed from the slimdpomt of exposure and control of hemorrhage and 
that iiostoperative complications such as disruption of the Avound, in- 
fection of the Avound, and cardiovascular unbalance are more to be an- 
ticipated. One iiatient died postoperatiA'cly in this group but no patient 
Avas refused operation because of adiposity. 

Diabetes, eardioA-asculav disca.se, anemia, avitaminosis, Ioav serum pro- 
tein, dehydration, and partial obstruction of the boAvel are all treated 
medically in the preparatory stage admitting all cases a Aveek before the 
operation. If the obstruction of the boAvel cannot be taken care of 
medically by diet, large enemas, and mild saline laxatiAms, a prelim- 
inary colostomy is done. This is necessary in a relatively small number 
of eases. 

SUMMARY 

Of 277 patients coming to the hospital for operation for eancer of 
the rectum, 9S Avere considered inoperable. Of these, 84 Avere colos- 
tomized. 

The contraindications for rcmoAml of the tumor Avere liver metastases 
in 40, attachment to tlie base of the bladder in 28, and infiltratiA'e at- 
tachment to the sacrum, prostate, or reetoAmginal septum in 23. 

Adiposity, age, cardioA-ascular disease, large tumors, enlargement of 
veoional lymph glands, resectable attachment of the tumor to the pros- 
tate rectovaginal septum, uterus, or adnexa, dome of the bladder or 
ureter are not considered contraindications to radical remoAml of the 

*^™he decision to extend the indications for radical operation in cancer 
f the rectum so that 65 per cent of the patients coming to the hospital 
° TTiiv be o-iven the benefit of curative opei-ation aaoII increase 

ir IS mortlltty ta.t win result in s„ aetu.lly larger number of 
ulls being given » 
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all. Certainly most of them would have had an equallj-^ smooth course 
without the use of the drug. 

Such comments are not meant to imply anj"' disapproval of the local 
use of the sulfonamides in eases of contamination of the peritoneum. 
According to our present knowledge of their effectiveness it is probable 
that in these cases their use is most justified and presents the best 
promise of utility. 

The real problem is to obtain a true statistical picture of the results 
of the treatment of true peritonitis, a highly fatal disease, the control 
of which is far from satisfactory with or without chemotherapy. There 
is no possibility of judging how effective the sulfonamides or any other 
treatment may be in true peritonitis so long as cases of contaminated 
peritoneum are permitted to fog the results. It is urged that the dis- 
tinction between contamination and infection, now so well establi.shed in 
surgical thought in dealing with other tissues, be kept in mind when 
dealing with the peritoneum in connection with appendicitis. An in- 
flammatory process of the peritoneum representing the defense mecha- 
nism against contamination is by no means, necessarily, in practical 
effect an established peritonitis with the difficult clinical problems pre- 
sented by that disease. 
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riio XDiniislRkahle J.'ict of ])crforatioii of tlic appendix has too long 
governed llie elas.sification of the complications of appendicitis. AI- 
lliongh conlamination of llic peritoneum must ohviou.sly precede infec- 
tion, yet it docs not necessarily establish the occurrence of the more 
serious eomplioalion. 

An.x statistical study which groups all perforations of the appendix 
xinder the head of Peritonitis is piusenting a distorted picture of the 
latter. The effect of this type of classification is to improve tremen- 
dously the mortality Tide ol pei'itonitis inasmuch as that group then con- 
tains a lai’gc pcj'ccntagc of ca.ses which have actuallj^ never been true 
peritonitis. The cases of contaminated peritoneum can justly be in- 
cluded, after the postoperative course is known, in the group of uncom- 
plicated appendicitis, as was done by Lehman and Parker. Inasmuch 
a.s, b.v definition, all these cases recover (with the exception of rare 
deaths from complications unrelated to the intra-abdominal disease) 
this procedure does not alter the mortality rate for the simple group. 
On the other hand, by excluding the contaminated peritoneum, it defi- 
nitely presents a more accurate picture of true peritonitis. A second 
method of handling this group is one illustrated by Penberthy’s recent 
paper, = in which, however, he still uses the term peritonitis. In his 
group of “acute unruptured appendicitis” the mortality is .44 per cent. 

It is noteworthy that the mortality of the group of “acute ruptured 
local peritonitis” is approximately the same as that of simple appendi- 
citis, namelj^ .55 per cent. This clearly indicates that this latter group 
is not peritonitis but presents only the contaminated peritoneum. Leh- 
man and Parker in a series of cases of all ages reported a high mor- 
tality, namely 40.6 per cent, in their group of true peritonitis, whereas 
Penberthy’s mortality in infants and children was as high as 64.9 per 
cent. (In both series localized peritonitis represented by an inflam- 
matory mass or an abscess was properly reported as a separate problem. ) 
These mortality figures for peritonitis are probably more nearly the 
correct figures than are those coming from clinics in which the number 
of cases of true peritonitis is diluted by a large percentage of cases of 
contaminated peritoneum. This effect is illustrated by combining Pen- 
berthy’s groups of “acute ruptured local peritonitis” and “acute rup- 
tured diffuse peritonitis,” a procedure that results in a mortality of 
22.3 per cent for peritonitis from perforated appendicitis. Such a figure 
more nearly approaches the usual mortality reported. 

The importance of this distinction in relation to appendicitis is em- 
phasized at the present time by a large number of reports dealing with 
sulfonamide treatment of peritonitis. Tashiro, Pratt, Kobayashi, and 
Kawaiehi^ report twenty-three cases of peritonitis from acute appendi- 
citis treated by sulfanilamide intraperitoneally. Of these twenty-three 
cases nine tvere operated upon within twenty-four hours of onset. These 
nine ’cases nearly one-half, are not necessarily eases of peritonitis at 
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all. CeTtainly "most of them ^vo^1M have had an equally smooth course 
without the use of the drug. 

Such comments are not meant to imply any disapproval of the local 
use of the sulfonamides in eases of contamination of the peritoneum. 
According to our present knoAvledge of their effectiveness it is probable 
that in these cases their use is most justified and presents the best 
promise of utility. 

The real problem is to obtain a true statistical picture of the results 
of the treatment of true peritonitis, a highly fatal disease, the control 
of which is far from satisfactory with or without chemotherapy. There 
is no possibility of judging how effective the sulfonamides or any other 
treatment may be in true peritonitis so long as eases of contaminated 
peritoneum are permitted to fog the results. It is urged that the dis- 
tinction between contamination and infection, now so well established in 
surgical thought in dealing with other tissues, be kept in mind when 
dealing with the peritoneum in connection with appendicitis. An in- 
flammatory process of the peritoneum representing the defense mecha- 
nism against contamination is by no means, necessarily, in practical 
effect an established peritonitis with the difficult clinical problems pre- 
sented by that disease. 
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War I and found the incidence of seizures following craniocerebral 
wounds of various types to be as follows: penetrating wound with 
hernia, 54 per cent ; penetrating wound, 35 per cent ; penetrating wound 
with foreign bodies retained, 33 per cent; perforating wound, 16 per 
cent; fractured base, 14 per cent; nonpenetrating wound, 13 per cent; 
scalp wounds, 10 per cent. 

Wagstaffe,'® in a study of 377 cases of gunshot wound of the head, 
noted a seizure incidence of 18.7 per cent in wounds with dural penetra- 
tion and less than 2 per cent in those cases where the dura was not 
penetrated. The statistics of Stern, quoted by Schou,®' are 20 to 50 per 
cent for open craniocerebral injury and 2 to 4 per cent for closed injury. 

These observations, however, are not acceptable as evidence in favor 
of the importance of meningocercbral adhesions alone in the causation 
of seizures. Although the formation of adhesions would be greater in 
the eases with dural penetration, the destruction of nervous tissue would 
also be greater under these cireninstances. Furthermore, it is likely 
that many of the nonpenetrating injuries were confined to the super- 
ficial structures and did not involve the underlying brain. 

A third point of evidence in favor of the importance of meningeal 
ingrowth is Penfield’s''^ observation of the greater frequency of seizures 
in meningocercbral, as compared to cerebral, cicatrix. He believes that 
the incidence must be much lower in the cerebral cicatrix where there 
is little or no admixture of connective tissue. In support of this con- 
tention he points out the infi'equeney of seizures in patients with 
cerebral scars resulting from vascular occlusion. 

This study is based on the theory that meningeal invasion is an im- 
portant factor in determining the epileptogenic nature of a cerebral 
wound. The impoi-tanee of the work is modified, therefore, by the 
acceptance or rejection of the adhesion hypothesis. However, this 
hypothesis will not be established as factual until a proved method of 
adhesion prevention is used in the surgical treatment of craniocerebral 
wounds and is followed in later years bj' a study of the incidence of 
post-traumatic epilepsy in eases so treated. 

Our study is principally a continuation of the work of Chao, Hiim- 
phreys, and Penfield'- on the prevention of meningocercbral adhesions 
with amnioplastin, a membrane prepai’cd from the human amnion. In 
addition, other materials including Cai'gilc membrane, allantoic (insul- 
toic) membrane, films of polyvinyl alcohol, and tantalum foil have been 
tried. Although an ideal material has not been found, the study has 
disclosed certain facts which must be considered in the use of these 
sid)stances and. more important, in the final >-olution of the problem. 

nrx’U'.w OP tui’. i.iTi'.u\Ti-nr. 

The problems involved in the prevention of meningocerchr.nl adhesions 
have been approached in two directions, by reviewing (11 the factors 
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involved in^ the evolution of the incningocerebral scar, and (2) the 
methods ivhieh liavc been used in the past for this purpose. 

The Formation of the Mcnintjoccrchral Cicatrix 


Adhei’ence to oveidying structures is not the invariable component of 
cerebi'al in.iurv. Any lesion, whether of a vascular, inflammatorj^ or 
traumatic nature, which does not disturb continuity of the arachnoid, 
is not followed by adhesions. Our knowledge of this protective role of 
the arachnoid is due to the inve.stigafions of Harvey and his associates. 

In 1923, Sayad and Harvey®'' published their observations on the 
reactions of the meninges to injury. They performed the first series of 
experiments on dogs. Discs of dura mater were excised leaving the 
leptomeninges uninjured. The dural defect was rapidly obliterated with 
blood clot, having only fibrinous attachments to the arachnoid. 'Within 
one week the arachnoidal surface of the clot was carpeted with a thin 
layer of endothelial cells and the fibrinous attachment to the arachnoid 
disappeared. They therefore concluded that the dura mater will regen- 
erate without adhering to the intact arachnoid. 

In the following year Lear and Harvey®® reported their studies on 
the regeneration of the injured pia-araehnoid of dogs. To ensure the 
intactness of the overlying dura they reflected it from the cortical sur- 
face in the form of a large flap. The leptomeninges lying directly 
beneath the center of the dural flap were injured with either a blunt 
instrument or the electrocauteiy. Dural adhesions occurred in all 
instances. This led them to postulate that, in the repair of the lepto- 
meninges, the dura mater does not serve as a limiting membrane but 
enters actively into the healing process. 

The studies of Penfield'®’ and Rio-Hortega and Penfield®" have been 
valuable contributions to the pathogenesis of the meningocerebral cica- 
trix. They studied the sequence of events from within a few hours of 


the injury to the formation of the mature sear. 

Within six hours of the injury the traumatic defect in the brain is 
filled with blood clot. The intensity of the fibroblastic-glial reaction 
which then ensues is directly proportional to the amount of remaining 
devitalized cerebral tissue. Within twenty-four hours the neighboring 
microglia develop an ameboid form and start their migration toward tlie 
site of injury. At the end of the second day they are compound granu- 
1 r corpuscles and are actively phagocytizing debris. This phagocjdosis 
^ t' es until all of the unnecessary materials have been removed. It 
uncommon to find these cells, filled with products of destruction, 
the taterstices of the scar many years after the injur^^ Penfield®® 
^ s one case in which fat-fiUed phagocytes were found in the 

border of important role in the repair proce.ss. At 

The astrocy ® astroevtes in the immediate neighborhood of 

tlie end of the first daj tlie 
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the wound have undergone elasmatodendrosis. Those in the more dis- 
tant zone show swelling, without fragmentation, of both cell bodj^ and 
processes. On the fourth day these swollen cells undergo amitotic divi- 
.sion and begin to lay down fibrils at the margin of the wound. By this 
time fibroblasts from the overlj'ing dura muscle, and blood vessels have 
permeated the clot and are soon intimately blended Avith the neuroglia 
fibrils of the Avound edge. Blood vessels proliferate and penetrate the 
fibrohlastic-glial meshAVork and cA'cntually form a rich anastomosis with 
the cerebral vessels. 

The final stage is one of contraction of the connectiAm tissue core. Tliis 
pull is transmitted to the glial fibrils causing them to be orientated 
perpendicularly to the surface of the cerebral Avound. At times this 
traction is so great that the sucker feet of astrocj’ies are displaced 
through the pia mater. A further indication of the pull is the migration 
of the lateral A'entricle toward the site of the lesion. 

In summai’y, therefore, there are tAvo factors which influence the 
formation of the meningoeerebral cicatrix, klost important is the dam- 
age to the arachnoid Avhich predisposes the connective tissue invasion 
from the ovei'lying structures. The second factor is the extent of brain 
destruction, the density of the resulting scar being directly propor- 
tional to the volume of devitalized tissue. 

The Prcvmtion of Meningoeerebral Adhesions 

The observations on methods and materials employed to prevent ad- 
hesions betAveen the Avounded bi’ain and its enveloping structures are 
hut fcAv Avhen compared to the A'oluminous literature on adhesion preA’en- 
tion in the other serous spaces of the organism. EspeeiallA* impressiA-e 
is the array of methods and materials used to prevent postoperative 
peritoneal adhesions. These are listed and discussed in the extensiA’e 
revicAvs of Richardson'" and Oehsner and Garside.'*" The size of this 
list is testimoAiy to the difficulties presented in the solution of the prob- 
lem. Similar difficulties exist in the prcA-ention of adhesions in joint 
spaces and around sutured nerA-es and tendons. 

In past years more attention has been focused on methods for the 
repair of dural defects than on the prevention of meningoeerebral ad- 
hesions. The materials and techniques for duraplasty haA'e been re- 
viewed by A-on Saar/" Bune/' de Bernardis,’" Caporale and de Ber- 
nardis." and Glaser and Thiencs.-'’ These experiments have been of 
groat interest and value in the present study. The reaction of the sur- 
rounding tissues to these materials, especially Avhen the arachnoidal 
harrier is broken, has served as a guide in the selection of materials for 
this iiiA-estigation. For purposes of revioAv and discussion tlie materials 
tised in the jmst for either duraplasty or the preA-ention of mcningo- 
eerehral adhesions may be elassified as (11 metals, (2) viable animal 
membranes, (3) nonviahle animal membranes, (4) miseellanenns mate- 
rials. 
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il/c/a/s.— The debut of the modern period in tlie surgery of post- 
tnninmtk; ejnlepsy, whicii was pioneered by Horsley in tlie latter part 
of tlie nineteentli century, was followed by the first reports on the use 
of mateiials to prevent ni on ijigoeci’ebral adliesions. Ilorslej' excised the 
epileptogenic cicatrices but did not cover the area of removal with pro- 
tceti\ e materials. Beach is credited Avith the first suggestion to use 
these substances. In 1890, he^ de.seribed a case of post-traumatic epi- 
leps}' treated by Ij’sis of the meningoeerebral adhesions. At this time he 
stated that should the seizures j’ecur he would reoperate and implant 
gold foil between the brain and dura. In 1897, he'' reported that this 
plan Avas effected at a secondary craniotomy in 1892. The patient’s at- 
tacks reciUTed, hut Avith diminished frequency and intensity. The 
condition of the foil Avas not mentioned. 

The popularity of the metallic foils in the surgery of epilepsy was 
maintained Avell into the first decade of the tAA’entiefh centuiy. The 
observations of Beach on gold foil were folloAved by the reports of 
OliA’er,''® Estes,'" Summers,''® and Woolsey” on this metal, those of Kay,"' 
Harris, ““ and Prime"" on sih’er foil, and Morehead,'’' and McCosh“’ 
on plati 2 ium foil. Chao, Humphreys, and Penfield’" have reeently re- 
ported their experiences AA'ith sih-er foil, ali:minum foil, nickel plate, 
and stainless steel plate. 

One feature common to all of these metals is encapsulation. The 
thickness of the capsule and the intensity of the cellular reaction haA'C 
been variable. Both would seem dependent on the extent and character 
of the corrosion of the metal. The good clinical results obtained in some 
cases are overshadowed by the finding of dense adhesions between the 
brain and dura in all instances where direct observations on the condi- 
tion of the metals Avere made. 


Yiable Ammal Membrames. — At the close of the first decade of the 
tAventieth centuiy the metallic substances Avere being discarded in faimr 
of Auable and iionAuable animal membranes. The A'iable membranes haim 
o-enerally been emplojmd for the closure of dural defects and not for the 
prevention of meningoeerebral adhesions. This Avork originated in 1909 
AA'heu Kirsehner"'’ "" used autoplastic fascia lata for dural restoration in 
doo's The first human duraplastie operation Aidtli fascia lata Avas pei- 
formed by Kbrte,'"' in 1910. A A'ariety of A'iable membranes have since 
b 11 emplo.yed. Among the autoplastic tissues are dura," periosteum,"’ "" 
^d fat Homoplastic hernia sae Avas successfully used in man 
’ . 20, 21 Burger" attempted to replace the dura mater in cats 

by Fms e ■ ^ amniotic membrane obtained at cesarean section but 

uc’were inconclusive. Chao, Ilumplireys, and Penfield'" present 
Ins resu ^l^ta on the specific use of viable membranes to 

the only exp j.g]3j.al adhesions. Both fat and fascia lata AA-ere used 
prevent meningMere ^Ydhesions occurred in ail of the experiments. 
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An analysis of tlie results obtained by these obser^^ers allovs certain 
conclusions to be dravn. From the standpoint of dural repair the 
autoplastic, viable membranes have been uniformly successful. How- 
ever, if the cerebral cortex was damaged meningocerebral adhesions oc- 
curred. 

Konviahle Anunal Membranes. — A large number of materials classifia- 
ble in this category have been employed over the intact and damaged 
cerebral cortex. In 1898, Freeman^ described two experiments, one on 
a dog and the other on a rabbit, in which the vitelline membrane of the 
hen's egg was placed over the uounded brain. The experiment on the 
dog was inconclusive due to suppuration of the wound. At the end of 
two months the brain of the rabbit was yellow at the site of the wound 
but was smooth and nonadherent except by a few trivial and delicate 
adhesions around the edge of the dural opening. Greer-® and Prime®® 
subsequently reported their observations on this membrane. Prime noted 
adhesions in every instance if the cortex was damaged. 

Other nonviable animal membranes which have been investigated are 
C'argilc membrane,’-’ ”■ prepared hernia sac,’’'’’ '■*“ human amniotic 

membrane,’® beef allantoic membrane,'® catgut membrane,”’ *®’ sheep 
peritoneum,®’ and calf artery.®’ 

These nonviable membranes have shown the greatest pi’omise in the 
prevention of meningocerebral adhesions. This is especially true of 
amniotic and allantoic membranes. While both materials provoke a 
foreign body reaction and arc eventually encapsulated, the reaction has 
been comparatively minimal Adhesions have been trivial or absent in 
a large number of the experiments Caporale and de Bernardis” de- 
scribe excellent results with catgnt membrane. In their experiments on 
rabbits the membrane was adherent to the brain wound but not to the 
overlying structures Ilowover, their good results were not confirmed 
in the experiments of Chao and his colleagues.’® 

Mi‘;ccUaiicou‘i Mcmhrnnct — Various substances of plant or mineral 
origin are included m this group, namely celluloid,®" parchment.’'® mica 
and cellophane,'® olive oil.'’ and rubber tissue' The experience with 
these matciials has been gcnerallj unsat isfaetorj With but few excep- 
tions dense encapsulation and adhesion formation have been found at a 
later date 

Tin; sii.UTioN or mvteriais 

An analysis of tlie results obtained with the aforementioned materials 
has been iinain.iblc in the selection of 'ubstanees for the present study. 
We have sub.i<eted a few of the more iwomising materials to further 
investigation Other materials base been selected on the basis of the 
following ehnraeleristiis . 

1. Inertness Pnnocation of nnnnnal reaction in the surrounding tis- 
sues. This is the most important requirement. 
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2. DeJayed rcsoi-piion. The material should remain intact and check 
the ingiouth ol fibrous tissue from the ovei’lj’ing stinictures throughout 

the pcnod required for complete bridging of the cerebral wound by the 
arachnoid. 

3. Availability of supply. 

4. Iiiase of sterilisation. 

While an ideal membrane .should possess all of these qualities, resorp- 
tion would be dispensable if the material remained permanently’ inert 
in the tissues. 

The materials used in this investigation may be classified as both 
resorbable and nonresoi’bable. They include, (1) amniotic membrane, in 
fresh, attenuated and fixed (amnioplastin) forms; (2) allantoic (in- 
sultoic) membrane; (3) Cargile membrane; (4) tantalum foil; (5) 
polymerized vinyl alcohol films. 


TM .. 



w 

yjg 1- — Diagrammatic cross section shouing the method of co\ering the cerebral 
wound (W) with the membrane (i*/). Temporal muscle (T M ) , duia (V) , skull 
(S). 


EXPERIMENT VD PATA 


A total of seventy-six eats was used during this study. All opera- 
tions vere carried out under rigid aseptic precautions Bilateral open- 
ino^ in the skull, 1 5 to 2 0 cm. in diameter, were made in the parietal 
regions The dura vas incised about 2 mm. from the anterior, medial, 
and posterior margins of the bony defect and reflected laterall.v in the 
form of a flap. Wounding of the cerebral cortex was accomplished by 
elerfrocoa-^ulation of the surface of one or more gyri. The area of 
, 1 destruction was then pierced several times with the point of a 

1 In some instances only one side of the brain was wounded. 

wounded and unwounded cerebral hemispheres were covered 
^ ini of choice and the borders were tucked well under the 

dur. .(Fig. 1). The do,e.] ,vHh iwo 
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fine silk sutures. The temporal muscles, galea and skin were apposed 
with iiiterrupted sutures of black silk. 

The animals were killed at appropriate intervals varying from 4 
to 240 daj’s. Painstaking care was exercised in the removal of the 
lirains. Prior to removal they were fixed in situ by the injection of 
10 per cent formalin into both internal carotid arteries. The removed 
brain, well covered with dura over both the base and convexity, was 
placed in 10 per cent formalin until ready for gross section. 'When 
properly fixed it was sectioned in the coronal plane. One section was 
designed to pass through the center of the cerebral wounds (Fig. 2). 
The posterior block resulting from this section was examined grossly for 
adhesions. The anterior block was embedded in paraffin for microscopic 
stud}'. To avoid distortion of the tissue relationships during the wash- 
ing, dehydrating, clearing, and paraffin embedding processes, the dura 
was fastened to the brain and leptomeninges with black silk sutures. 
Sections for the histologic study were cut at a thiclcness 8 to 10 /j. and 
stained with the hematoxylin and van Gieson, the Mallory phosphotung- 
stic acid hematoxylin and the Jlalloiy aniline blue methods. 



I is. 2. — Coronal .‘section of the brain showinp tho n'onncls (IV) in botlt cerebral henii- 
spheres; the dura (£)) is intact over tlie convexity and base. 

Amnioiic Mcmhrnnc 

Ilixioriral Survcii . — In 1911, Sclimcrz''''' published a report of the first 
known attempt to use amniotic membrane for tlio ])revcnlion of adhe- 
sions between serous surface.s. lie u.sed a formalinizcd liuman amniotic 
membrane with .success in the treatment of disabling adhesions in tlireo 
patients with gunshot wounds involving their tendon slioath.s and a 
fourth ease of ankylosis of the elbow. It i.s interesting that in this report 
he mentions the itossible value of amniotic membrane in myoly.si.s. neu- 
rolysis, and duraiilasty. In a later eommuniiaition'’''’ lie de.seribed the 
.siieeessfn! recovery of fnnetion in a ea.se of ankylosis of the knee joint 
treated by interposition of this material. 


32G 


SURGERY 


Lj’inaii and Bergtold'’" used Jiuinan amniotie membrane to prevent 
postoperative peritoneal adiiesions in -seven human eases. While they 
reported success, their coiiehjsions were draivn entirely on clinical 
observation. 

IJic successful use of amniotie membrane reported in these earlier 
Papeis appaientlj’- aroused but little enthusiasm. No further observa- 
iions on this material arc recorded until 1933, at which time Lyons" 
reported the safislactory epithclization of two postoperative mastoid 
cavities lined with fresh, sterile human amniotie membrane obtained 
at cesarean section. In 1937, Johnson^^ reported good results with 
human amniotie membrane in avoiding adhesions between the trauma- 
tized peritoneal surfaces of rabbits. However, he noted^^ that the 
membrane was treated as a foreign body by the contiguous tissues. In 
the same j’ear Davis and Aries’-* reported their observations on beef and 
human amniotie membranes used for the prevention of adhesions around 
repaired nerves and tendons and between the denuded peritoneal sur- 
faces of dogs. The nerve and tendon experiments were unsuccessful 
but excellent results were obtained in the peritoneal cavity. 

Burger® has described three cases of successful reconstruction of the 
human vagina with fresh fetal membranes obtained at cesarean section. 
He and his associates have also used living human fetal membranes to 
replace the dura in eats. He notes, “In one of the cases the adherence 
was satisfactorj’-, still this lone case was not sufficient for the solution 
of our problem.” 

The first observations on the use of amniotie membrane to prevent 
adhesions between the brain and its coverings were those reported by 
Chao, Humphreys, and Penfield.’® These workers reported success 
with amnioplastin, a specially prepared form of human amniotie mem- 
brane. The membrane was placed over the wounded cerebral cortex 
and leptomeninges of cats. The animals were killed at regular intervals 
up to sixty days. The membrane caused only a slight cellular reaction 
and was completely” absorbed at the end of thirty days. Within this 
thirty-day period the pia-araehnoid had covered the cerebral wound, 
and adhesions to the overling structures did not occur. Their consist- 
ently good results led these observers to recommend amnioplastin “as 
a preventative of meningocerebral adhesions and as an adjunct to 
radical surgery necessary to prevent post-traumatic and postoperative 


)il6psy. ^ ^ 

In a later communication Penfield== warned against use of amnio- 
I tin until further studies had been carried out. This warning was 
Pfi nrincipally because of his knowledge of the unsatisfactory results 
T • pd bv us with amnioplastin up to that time. The second factor 
nTthe unfavorable postoperative course m a case of focal epilepsy 
, .mo- Hip area of sear excision with amnioplastin. At 

rstcond cra^niotomy seven months later, dense connective tissue had 
3 und the brain to the dura. 
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Recently several enthusiastic reports on the clinical use of amnio- 
plastin have appeared in the literature. Garcin and Guillaume"^ have 
used it to repair dural defects associated with craniocerebral gunshot 
wounds. Rogers'^ favors the use of this membrane following craniotomy 
and neurolysis. He records no observation on the tissue reaction to 
the membrane. Law and Philip^'' and de EottlP' report that amnio- 
plastin and human fetal membranes are of value in ophthalmologic 
surgery'. 

Methods and Materials . — ^In the earlier experiments human amniotic 
membrane was prepared in the manner outlined by Chao, Humphreys, and 
Penfield.’^ This requires the separation of the amnion from the chorion 
by finger dissection, washing in running water, fixation in 70 per cent 
alcohol, stretching and drying on a glass plate and finally, sterilizing 
in the autoclave for twenty minutes at 250° P. with 120 pounds’ steam 
pressure. 

Due to our disappointing results w'ith the membranes so prepared, 
other techniques were used. For practical purposes we have classified 
the various membranes as fixed, fresh, and attenuated types. 

Fixed Amniotic Membrane (Amnioplastin) ; Human amniotic mem- 
brane* obtained at delivery was subjected immediately to one of the 
folloudng methods of preparation: 

1. tVasliod in 70 per cent alcohol, 24 hours; 95 per cent alcohol, 24 Iiours; ab- 
solute alcohol, 24 liours; ether, 24 liours; boiled, 20 minutes. 

2. tVaslied in 70 per cent alcohol, 24 hours ; 95 per cent alcohol, 24 hours ; absolute 
alcohol, 24 hours; ether, 24 hours; autoclaved 20 minutes at 250° F., with 120 
pounds’ pressure. 

3. Washed in 70 per cent alcohol, 24 hours; 95 per cent alcohol, 24 hours; ab- 
solute alcohol, 24 hours; other, 24 hours; boiled, 20 minutes; 70 per cent alcohol, 
9 days. 

4. Washed in 70 per cent alcohol, 24 hours; 95 per cent alcohol, 24 hours; 
absolute alcohol, 24 hours; ether, 24 hours; 70 per cent alcohol, 7 days; boiled, 20 
minutes-, 70 pci cent alcohol, 24 hours. 

5. Washed in 70 per cent alcohol, 24 hours; 95 per cent alcohol, 24 hours; ab- 
solute alcohol, 24 hours; ether, 24 hours; 70 per cent alcohol, 15 minutes; boiled, 
20 minutes; 70 per cent alcohol, 24 hours. 

C. Washed in 70 per cent alcohol, 24 hours; 95 per cent alcohol, 24 hours; ab- 
.'•olute alcohol, 24 hour.s; ether, 24 hours; 70 per cent alcohol, 4 days; boiled, 20 
minutes; 70 per cent alcohol, 24 hours. 

7. Washed in 70 per cent alcohol, 24 hours; boiled, 20 minutes. 

S. Washed in 70 per cent alcohol, 24 hours; 93 per cent alcohol, 24 hours: 
4 days in 00° C. oven; ether, 24 hours; boiletl, 20 minutes; 70 per cent alcohol, 
24 hours. 

9. Wn.shed in 70 per cent alcohol, 25 days. 

10. Washed in 70 per cent alcohol, 24 hours; 95 per cent alcohol. 24 hours; ab- 
solute alcohol, 21 hours; ether, 5 days; nutoclavcrl 20 minutes nt 2.70° F., with 
liJf) poimiN' 

11. Washed in 70 per cent alcohol, 21 hours; 95 per rent alcohol, 21 hour.s; ab- 
solute aleohol, 21 hours; ether, 5 days; boiled, 20 minutes. 


•The fetnt meoitiriine' 
lloyal Vlctorlti Montreal 


• were supotleil tIinniRh til., ceneroiitv of tlie st.off of tl,e 
Maternity tlnsplmt, . i .o , i no 
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32. AVasliod in 70 per cent alcohol, 3 hour; ether, 5 days; dried, 5 days; auto- 
claved lit) minutes at 250“ F., with 120 pounds’ pressure. 

l.'i. 'Washed in 70 per cent alcohol, 1 hour; ether, 5 dav.s; dried, 5 days; boiled, 
20 minufe.s. 

3-1. Wa.slied in other, 0 dfiy.s; dried; autoclaved 20 minutes at 250“ F., with 
120 pounds’ pressure. 

35. ashed in ether, (i day.s; dried; boiled, 20 minutes. 

10. 33 a.shcd in other, 4 daj’s; 70 per cent alcohol, 10 minutes; autoclaved 20 
inimites at 250“ F., with 120 pounds’ pre.ssure. 

37. 33 ashed in etiicr, 4 days; 70 per cent alcohol, 10 minutes; boiled, 20 minutes. 

IS. 33 ashed in 70 per cent alcohol, 10 minutes; ether, 5 days; 70 per cent 
alcohol, 20 minutes; autoclaved 20 minutes at 250“ F., with 320 pounds’ pressure. 

30. 33 ashed in 70 per cent alcohol, 10 minutes; ether, 5 days; 70 per cent 
alcohol, 20 minutes; boiled, 20 minutes. 

20. 337081^0 in 70 per cent alcohol, 20 minutes; ether, 9 days; 70 per cent 
alcohol, 5 minutes; dried, 4 days; autoclaved. 20 minutes at 250“ F., with 120 
pounds ’ pressure. 

21. 33’ashed in 70 per cent alcohol, 20 minutes; ether, 9 days; 70 per cent alcohol, 

5 minutes; dried, 4 days; boiled, 20 minutes. 

22. As outlined by L,o3’’ann.39 Amnion separated from chorion, placed in acetone 
15 hours, rinsed in 70 per cent alcohol, dried on rough toweling 24 hours, then 
immersed in ether 12 hours, rinsed in 70 per cent alcohol, dried 24 hours and 
sterilized in the autoclave. 


Fresh Amniotic Membrane; The membranes tvere obtained at cesarean 
section, placed immediately in a sterile container, and kept in an incu- 
bator at 37° C. 3tntil ready for use. At the time of operation the amnion 
U’as separated from chorion by finger dissection, cut to the desired size, 
and placed on the brain. The time bettreen cesarean section and im- 
plantation did not exceed three hours. 

Attenuated Amniotic Membrane: Selected pieces of the fresh mem- 
brane were placed in stei-ilized tubes of liquid petrolatum and kept in a 
refrigerator at 3° C. for approximately one month before use. This 
is Huber’s^" method for storage of nerve grafts. 


Experimental i?csu?fs.— Without exception, the membranes were 
treated as foreign bodies by the tissues and enveloped in a connective 
tissue capsule of var.ying thickness. In the majority of experiments 
there was, in addition, a moderate degree of cellular reaction involving 
small round cells and a few foreign body giant cells. Occasionally this 
reaction was intense. Although the different methods of preparation 


did produce some n „ , , 

t' n and the rate of resorption of the membrane, tho.v did not 
reae lo^ , results. Ultimately the cerebral wound be- 

appreciao y o^erlving dura by a connective tissue core (Pig. 3). 

OOT^arlier impression that the fat-free membrane would prevent ad- 
hesions plowed to encapsulation of the fi.xed membrane. 

There are ‘Membrane begins in the epithelial layer and in- 

' Disintegration ot „ later period. Shortly after implantation 

volves the collagen layer at ale 


variation in the thicloiess of the capsule, the cellular 
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the epithelial cells become swollen and are eventually broken up into 
globular, amorphous material. The entire membrane was usually ab- 
sorbed after thirty to sixty days. However, in several animals traces 
of it were still present at the end of four months. The membranes 
prepared in alcohol alone remained intact longer than the other types. 
Furthermore, the same piece of membrane was usually resorbed more 
slowly if it had been sterilized by boiling rather than in the autoclave. 
This would seem due to the shrinkage and thickening of the membrane 
caused by the boiling. 

The connective tissue forming the capsule became adherent earlier to 
the collagen layer of the membranes. Adherence to the opposite surface 
was delayed imtil the epithelial cells had disappeared. Finally, with 
the onset of resorption of the collagen layer, connective tissue fibers 
traversed the clefts in the membrane and eventually fused the inner 
and outer layers of the capsule. 



IMk 3 — U<‘?uU tv.(nt>^clKhl ilnys after emplacement of amnioplastin • the mem- 
brane has cllFJippearctl. Dense connective tissue (CT) btnUs the cerebral v,o\\n<\ (tV) 
to the o\crbInj; tUira (D). Hematox>lln ami vnn Gloson stains. 


There wore but five cneouraging results in the .scries of iiinoty-fivo 
eorehral wounds eovevod with amnioplastin. In four of these the 
animals hail only delieate meningoeerebral adhesions on gross in- 
speetion. In these eases mieroseopie examination showed the eerehral 
wound to be tiarlly bridged by the regi-owtb of pia-araebnoid. Tins 
eai't'et of leptomeniugenl cells was interrni)lcd eentrally by tlie mcii- 
ingocerebral band of eonueelive tissue. Tlie one good re.sult oeenrred 
in a cat killed after IIS diiys. In this experiment there were no 
.-nlltcsions on gross inspection. Ib.wever. microscopic examintilion dis- 
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closed a few filaineiitous strands which may have been broken during 
tlie process of removal or fixation. 

Uniformlj’’ poor results were obtained with the fresh membranes. 
Both the capsule formation and the cellular reaction were extremely 
intense (Fig. 4). The dura and brain were tightly adherent through 
the medium of this capsule. Large aggregations of small round cells 
with clumps of foreign body giant cells were the principal components 
of the inflammatory reaction. The most interesting feature observed 
in these experiments with fre.sh membrane wa.s the histologic evidence 
for A’iability of its collagen layer. Both the collagen fibers and the 
fibroblast nuclei dispersed among them, stained with a brilliance and 
distinctness comparable to that of the native connective tissue. 

Use of the attenuated membranes likewise failed to prevent raeningo- 
cerebral adhesions. However, the cellular reaction to this type of 
amniotic membrane was less than with the fresh and fixed forms. En- 
capsulation was slight and the reaction of inflammatorv cells minimal 
(Fig. 5). Furthermore, the collagen layer of these membranes behaved 
like a viable material. It remained well preserved and eventually be- 
came incorporated as part of the connective tissue reaction investing it. 



„ 1, mpnibrane after ninety-seven days The capsule Is iul- 

Fi&. TiF’^eerebral wound (W) . a large aggregation of small round cells (SJIC) 
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eapsulated. Nevertheless, his results were excellent due to the smooth- 
ness of the inner surface of the connective tissue capsules. Adhesions 
did not occur unless the membrane slipped or was of insufficient size 
to cover the traumatized area. 

The excellent results obtained by Johnson have been confirmed by the 
work of Davis and Ai’ies.^^ These observers covered denuded peri- 
toneal surfaces and the line of suture in nerves and tendons of dogs 
with allantoic membrane. Around the nerves and tendons this mem- 
brane was superior to the control materials, namely, beef and human 
amniotic membrane, -sheet catgut, beef cecum, cellophane, and rubber- 
latex. In the peritoneal cavity, however, better results were obtained 
with amniotic membrane, especially if its mucous surface was intact. 
The allantoic membrane prevented peritoneal adhesions only to the 
extent and size of the patch which was used. 

Chao, Humphreys, and Penfield’® had promising re.sults ndth allantoic 
membrane for the prevention of meningoeerebral adhesions. The ad- 
hesions that formed were few in number and the cellular response 
slight. In view of their eneoui-aging findings in a small number of 
experiments, a further study of this membrane seemed warranted. 



riK 


niimlotlc membrane ( Jf) thirty days followinB Implantation ; 
.nr.vp-.ulatlon an.l cellular reaction are minimal. The Inner la^e^ or the capsule la 
a<llu rent to the cerebral uounC (11 ), Hematoxylin anti van Gle'ton ataln-t. 


^[rtho(h and Mairriuh . — This membrane is prepared from the al- 
lantois of the gia\kl bovine uterus.* Cattle and other ungulate 
(iioofed) mammals are an cxeelloiit source of this material. In those 
animals the allantois roaehe.s a large size and serves ns an embrvonic 
on^of respiration, nutrition, and c.xeretion. It is composed of a 


•Invultolc mrnibrnne ^upplle.l by the 

of the K-n-Kll Coniptn>. ChlcnKo. lU. 


MfK. Co. Tlauer Ulnck. tllthlon'! 



330 


SUROKRY 


closed a few filaincnious strands wliicli may have been broken during 
tlie process of .removal or fixation. 

Uniformly poor results were obtained with the fresh membranes. 
Both the capsule formation and the cellular reaction were extremely 
intense (Fig. 4). The dura and brain were tightlj^ adherent through 
the medium of this capsule. Large aggregations of small round cells 
with clumps of foreign body giant cells were the principal components 
of the inflammatory reaction. The most interesting feature observed 
in these experiments with fre.sh membrane was the histologic evidence 
for viability of its collagen layer. Both the collagen fibers and the 
fibroblast nuclei dispersed among them, stained with a brilliance and 
distinctness comparable to that of the native connective tissue. 

Use of the attenuated membranes likewise failed to prevent meningo- 
cerebral adhesions. Ilowever, tlie cellular reaction to this type of 
amniotic membrane was less than Avith the fresh and fixed forms. En- 
capsulation Avas slight and the reaction of inflammatory cells minimal 
(Pig. 5). Furthermore, the collagen layer of these membranes behaved 
like a A'iable material. It remained aa'cII pi’eserved and eventuallj’’ be- 
came incorporated as part of the connective tissue reaction investing it. 
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thickness membranes were still recognizable in the sections at the end 
of eighty and eighty-five days, respeetivelj', there was sufficient resorp- 
tion at the end of sixty days to allow fibroblasts to pi'oliferate through 
the clefts between the fragments. The experience with amnioplastin 
allows the assumption that when resorption of the membrane has been 
completed the cavity of the capsule would be entirely obliterated due to 
the fusion of its inner and outer walls. By this process the former 
plane of separation becomes the site of a firm attachment. 

Cnrgile Membrane 

Historical Snrveij . — In 1902, Morris^" reported the use of prepared 
ox peritoneum for the prevention of postoperative peritoneal adhesions 
in human cases. He named this membrane in honor of Dr. Charles H. 
Cargile of Bentonville, Ark., who suggested its use. ^Morris reported 
good clinical results but subsequent obsei'vations on tlie condition of the 
memi)rane were not made. 

Although jMorris was a pioneer in the use of meml)ranes of peritoneal 
derivation, he was preceded by Baum.^* In 1894, Baum reported satis- 
factory clinical results following the use of the prepared peritoneum of 
freshly slaughtered calves to protect traumatized peritoneal surfaces. 
Later expo.sures of the membrane and protected surfaces were not 
mentioned. 

In his original article iSIorris mentioned the close adlicrenee of Car- 
gile mem])rane to exposed brain tissue and intimated that it may be of 
value as temporary dura mater. He does not de.scribe experiments to 
confirm tins impression. Craig and Ellis’® were the first to attempt 
dural repair with Cargile membr-anc. They reported experiments in 
which this material was employed for dural restoration in dogs. Un- 
fortunatcl.v, all of their results were vitiated due to suppuration in 
the wounds. 

Prime®® pioneered in the use of Cargile membrane for the specific 
purpose of preventing adhesions between the brain and its coverings. 
However, in bis experiments the membrane was encapsulated and ad- 
hesions were invariable if the cortex was traumatized. 

These curly observations on Cargile membrane were followed by re- 
ports on other viable and nonviable membranes of peritoneal derivation. 
In practically all in.stances the purpose of the membi'anc was the closure 
of dviral defects. Included in thi.s group are membranes derived from 
hernia sacs, omentum, and the parietal and visceral porifoneal reflec- 
tions. Satisfactory re.sults have been obtained when those peritoneal 
membratu's wi-re used only as dural substitutes. ^Meningocerebral ad- 
hesions occurrol invariably if the brain had been damaircd. 

t'amilc membrane has been frc<iucnlly recommended in the .s\trtrcrv 
of pfiipi'crai nerve injuries. In 1919. Joyci'” dc.scribcd the use of the 
],rci>arod membrane of i\ line variety to protect nerves following cither 
suture or neurolysis. Four of bis eases were re-explored three, four. 
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inesonchym;}] coniiiinmf^ a hifge niimhev of Mood resseJs, and 

has an cnlodcvinal lining. 

Fov surgical iisc the membrane is pi'eparcd as follows. After a caie- 
ful dissection of the memlmane from the uterus it is cleaned by repeated 
washing in water. The membrane i.s then eliromicized, stretched on 
ganzo-covered boards, and dried. Pieces of the desired size are cut, 
placed in open tubes, and dehydrated in ovens. The method of steri- 
lization is that employed for catgut, namely, immersion in light hydro- 
carbon oil for one hour at 1.55° C. Following tliis stage the oil is 
drained off and the tubes filled with 100 per cent ethanol containing 
0.1 per cent of potassium mereuric iodide. Finally, tlie glass tubes are 
sealed and the membrane is ready for use. 

Both the single and the double thickness chromicized membranes were 
used in the pre.sent series of e.vperiments. They were thoroughly 
washed in physiologic saline solution prior to emplacement on the brain. 

Experimental Results . — This membrane was used in five animals for 
periods of time vaiymg from twenty-four to eighty-five daj's. In all of 
the experiments the memln'ane was treated as a foreign body and walled 
off bj^ dense connective tissue (Fig 6). Tlie inner layer of the capsule 



fv-t)trpp da'vs single thickness allantoic membrane (M) is ib- 
Fjg, 6 — ^After tissue The inner face of this capsule is bound to boOi the 

vested m dense a® arachnoid over the cronn of tlie wounded gyrus Hcma- 


.•oiur Oflherent to the cerebral wound A further evidence of 
as invar . ‘ presence of foreign body giant cells, small 

ssue jrnta , ^Qgytes, at times in large niimhcis The phago- 
mnd cells, a ‘ grous during the period i\hen resorption of 
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of connective tissue between these fragments. Finallj’’, the inner sur- 
face of the capsule was tenaciouslj’ adherent to the cerebral wound in 
all of the experiments 

Tantalum 

Historical Survey . — In 1940, Burke® introduced tantalum, a new metal 
for surgical use. In contrast to the stainless steels and vitallium, both 
of which are alloys, tantalum is an element. Pure tantalum is bluish 
gray, soft, malleable and ductile. It is resistant to most organic reagents 
except those which contain fluorine, free sulfur trioxide, or strong 
alkalis. 

Burke used tantalum in the form of bone plates and screws in dogs 
and rabbits, and as a skin suture in thirty-four human cases. In all 
of these instances there was a lack of tissue irritation. The observations 
of Burch and Carney^ on tantalum bone plates and screws and sutures 
are confirmatory. Eecentl}^, one of us (R. H. P.) has shown that strips 
of ‘tantalum ribbon may be embedded in cerebral tissue without pro- 
voking an inflammatory reaction. In Aiew of these findings it was be- 
hc\ ed that thin sheets of this metal a\ ould be of value in the prevention 
of meningocerebral adhesions. 



rip 7 — Carpllo mcmbfino ( 
rap'iiib (C) W bountl 

con H«niatox>nn nn«l \nn GJf 


V) after frlxty 
to the cerebral 
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dujs. the thick Inner I'l^cr of tlio 
^ouncl (ir) b> the connective tissue 


Method', and Hatcrioh.—TimX-Awm foil* of 0 001 of an inch thick- 
ncK-s was usi'cl. thinner foil is preferable but impossible to obtain. 
Due to the phjsieal elini.iet eristics of the grain strnetuie of this metal, 
fully annealt'd, homogeneous sheets les.s than 0 001 of an inch in Ihiek- 
111 ss eaiiiiol be rolh'il 
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seven, find nineteen montlis later. From his observations on these cases 
iie concluded that the membrane is absorbed in less than six months. 
During tin's time it Xulfils its jiurpose as a protective against adhesion 
formation. 

Huber also reported satisfactory results following the use of Car- 
gile membrane. The commercial type of membrane was absorbed in 
ten daj'^s and felt to be unsatisfactoiy. However, if this material was 
placed in 70 per cent, followed by absolute, alcohol and then dried, his 
results ivere better. The alcoholized membrane was not absorbed within 
five to six months and during this time protected the nerve and incited 
only a minimal connective tissue reaction. His results wdth formolized 
arterial sheaths, fat, and fascia lata were much less satisfactory. Cairns 
and Young^“ considered the fresh membrane as being superior to the 
alcoholized form. They remark that the latter type causes a greater 
tissue reaction around the nerve. 

In addition to his experimental studies of amniotic and allantoic 
membranes, Johnson®' employed Cai-gile membrane to prevent peritoneal 
adhesions. In all of his experiments the membrane was treated as a 
foreign body and the results w'ere uniformly poor. 

Chao and his co-ivorkers'® used Cargile membrane in their studies of 
the prevention of meningoeerebral adhesions in cats. They found dense 
adhesions and a moderate cellular response in all of the experiments. 

In summary, therefore, the experience wdth Cargile membrane over 
the wounded brain and peritoneum has been generally unsatisfactoiy. 


Nevertheless, due to the availability of large amounts of this material, 
the promise it has showm in peripheral nerve surgery and the lack of 
adequate study of its usefulness in the prevention of meningoeerebral 
adhesions, we have subjected it to further investigation. 

Methods and Materials . — The commercial, nnchromicized Cargile 


aembrane^ was employed. This membrane is derived from the sub- 
aucous layer of the ox cecum. It is prepared according to the method 
ised for catgut, namely, washing, drying, and sterilization by heating 
ti a light hydrocarbon oil. The result of this process is a thin, trans- 
ueent and pliable membrane that conforms nicely to the convolutional 
pattern of the brain over w^hicli it is placed. 

Experimental Results.— Cargile membrane w^as used in five cats. The 
'mals were killed at intervals extending from four to ninety days. 
rT embranes have failed to prevent meningoeerebral adhesions in 
11 ^f Ae experiments. The type of reaction is essentially similar to 
° with insultoic membrane. Again there is formation of a 

that no e capsule (Fig. 7) and a vai-iable inflammatory 

dense conne foreign body giant cells, small round cells, and 

cell pattern lUe'end of sixty days the membrane had undergone 
phagocytes. A ^ However, at the end of ninety days it was 

only slight resoip i ’ ^ capsule bridged by the proliferation 

fragmented and the caMty 0 

^ Tohnson, New Brunswick. N. J. 

of Johnson 



RECENT ADVANCES IN SURGERY 


337 


vinj’l alcohol compounds. -These substances are used eommereially in 
the manufacture of shattei’proof glass. Their chief attraction in the 
present study is the change in the solubility rate obtainable by modify- 
ing their structural formulas. The replacement of the hydroxyl groups 
of polyvinyl alcohol with acetate groups eventually changes the com- 
pound to polyvinyl acetate. The compounds formed in the stages of 
transition va:y in their solubility. JIaximum solubility is obtained 
when approximately 20 per cent of the hydroxjd groups have been re- 
placed by acetate groups. Pure polyvinyl alcohol and pohwinyl acetate 
are less soluble than this 20 per cent compound. One, therefore, has 
the choice of these substances in a wide range of solubility. 

In 1938, Dbtzer'® reported experiments on the reactions of bacteria 
in contact with poljwinyl alcohol. Colon bacilli, streptococci, staphylo- 
cocci, pneumoeoeei and tubercle bacilli were inoculated in nuti’ient media 
containing either pure polyvinyl alcohol or poljwinyl alcohol, with 
hydroxyquinoline potassium sulfate added in concentrations of 0.1 per 
cent and 0.16 per cent. Pure polyvinyl alcohol was found to he bacterio- 
static but not bactericidal. However, with the addition of the small 
amounts of antiseptic, most of the bacteria were killed wlien the ratio 
of i)olyvinyl alcohol to culture media was 1 :1 and all were killed when 
this ratio was 10 -.I. In his report Botzer mentions the animal experi- 
ments of Braun and Herrmann in wliich jjolyvinyl alcohols were used. 
Unfortunately the results of these experiments are not described. 

3[cihodii and Materials . — In the problem under consideration the most 
favored comi)ound would be the one which would remain intact for 
at least one month. Tliis length of time would permit the pia-arachnoid 
to carpet a small cerebral woiuid without the interfei’ence of invading 
connective tissue cells derived from the dura and other overlying struc- 
tures. On the basis of solubility in human cerebro.spinal fluid in vitro 
at 37° C., a polymerized vinyl alcohol® having a 5 per cent replace- 
ment of hydroxyl groups with acetate groups and a viscosity of 15 
centipoiscs was selected. 

The material was made into extremely thin, ti'ansparent films re- 
sembling a fine grade of cellophane. Thc.se iilms were inserted between 
sheets of filter jjaper, placed over a water bath, and sterilized in an 
electric oven at 100° ('. for forty-five minutes. The absence of bacteria 
in tbo films was confirmed by aerobic aiul anaerobic culture. Prior to 
tlteir use on the cerebral cortex, the sheets wore moistened in physio- 
logic saline solution. 

K.rijrrhni Ilia} lusuUs. — The 5 per cent polyvinyl alcohol films were 
Used in five animals. The ])eriod of olrservation varied from ten to 
sisty-si\ days. In all of the exj>erimen1.s the re.sulls were disapjtoinf- 
mg. linariably, the ntembnme was inve.sted in a thick eouneelive cap- 
sule. the inner surface of which was firmly adherent to ih<- cereliral 
•tViuro-j <tf .Shuvlnlitsn Ch‘ mleal- 1.01,. Shnw Iniirtn r.ill-. j\ q. 
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Tile pieces oi' ioil, ciil to the desired size, were sterilized either by 
boiling or c'luloclaviiig. Before the sheets were applied to the brain 
surface they were bent to conform to the cortical contour and all sharp 
corners were rouirdcd off. 

Expenmcnta] Results . — The reactions to tantalum foil have been 
observed in six animals over a period ranging from 10 to 143 days In 
all of the experiments there has been only a minimal reaction of con- 
nective tissue and other cellular elements. Encapsulation has been com- 
paratively slight. The attachment between the cerebral wound and 
overlying dura has been an indirect one by way of the margin of this 
capsule (Pig. 8). Giant cells were found in one of the experiments but 
were fetv in number. There was no reaction involving small round 
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o ....It fhirtv davs following- implantation of tantalum foil, the inner lajer 

Fig. 8— result X‘yaa>s^o^^ tantalum (T) is adherent to the cerebral 

,ind '(T)'* Hematoxjhn and van G.eson stains. 
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11 - 11 ^ it the end of seventy-nine days, the capsule formation was 
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:ceptiona ^ ° ^ identical with the arachnoid The removed pieces 
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Histoiiccii Survey. coiiti oiled disclosed the polymerized 

.sorption in the tissues could 
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ready bridged the cerebral -vvoimd. Other than a few foreign body 
giant cells noted in the capsular space in one experiment, there was no 
inflammatory reaction. Furthermore, the removed pieces of foil had 
their original luster, suggesting a complete absence of corrosion in the 
tissues. 

The resorbable membranes, namelj’" amnioplastin, allantoic membrane, 
and Cargile membrane, may be considered as a group since the response 
of the tissues to all of them is essentially similar. The thickness of the 
capsule investing these membranes is modifled by two factors, namely, 
the extent of wrinkling, and the resoi’ption time of the membrane. The 
folds of the wrinkled membrane are invaded by fibroblasts with a result- 
ing greater thickness of the capsule in these areas. In general, the 
capsule formation was a continued proliferation of connective tissue 
which did not cease until the membrane disappeared. Amnioplastin 
was absorbed more quickly than the other materials, usually requiring 
thirty to forty days. If left in alcohol for several days before use, or 
boiled instead of autoclaved, it required a longer period of time. The 
epithelial layer disappeared more quickly than the connective tissue 
stratum. Chromicized single and double thickness allantoic membranes 
were histologically demonstrable in the tissues at the end of eighty and 
eighty-six days, respectively, but were fragmented and undergoing 
active resorption. Cargile membrane was for the most part intact at 
the end of ninety days, although phagocytosis had commenced and frag- 
mentation was rather extensive. 

As noted premously, tlie onset of fragmentation and ro.soi*ption of 
these membranes was followed by proliferation of the cells lining the 
capsular space with eventual fusion of the inner and outer walls. The 
absorbable membranes have, therefoi’c, not only failed to prevent 
meningocercbral adhe.sion.s but have provoked a reaction probably 
greater than would have occuri'ed had they not been used. Lastly, all 
of these materials have stimulated an infl.anunatory reaction with a 
variable pattern involving foreign body giant cells, small round cells, 
and phagocytes. In the expci-iments with amnioplastin the inflam- 
matory reaction was greater on the epithelial side of the membrane. 

It is obvious from the largo number of experiments on amnioplastin 
that the chief purpose of this study was to determine whether or not 
the continued clinical use of this material was justified. Wc now be- 
lieve that the use of this matcri.al for the prevention of incningocerebral 
adhesions is not warranted. It is difficult to account for the dis- 
crepancies between the results obtained by Chao, Ilumphrey.s, and 
Penfiold” and the findings in the present study. In our earlier experi- 
ments the technique for prejiaration of the amnion, as outliTied by the.se 
authors, was rieidly followed. The finding of meningoeerebral adhe- 
sions in all of the experiments with the membrane so ]>repnred led to 
the many other methods of fixation, fat extraction, sterilization, and 
pre.sen'ntinn. h'urthermore, the emplacement of the membrane over the 
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•wound. Giant cel].s -were partieularlj^ prominent in the inflammatory 
reaction (Fig. 9). Aggregations of phagocytes and small round cells 
were scattered throughout the capsule. In addition, pools of homo- 
geneous material, which stained a briglit pink with acid fuchsin, were 
found in the capsular interstices. At the end of 66 days the mem- 
brane was for tlie most part intact but showed a moderate amount of 
swelling suggesting beginning resorption. 

DISCUSSION 

While this stud}' has failed to disclose an ideal material for the pre- 
vention of meningoecrebral adhesions, it is not without value. In addi- 
tion to confirming or denying the results of past workers, it has dis- 
closed certain factors which must be considered in the ultimate solu- 
tion of the problem. 
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sanction or condemn their nse in other surgical procedures. Satis- 
factory results “With many of these substances have been reported by 
other observers. Furthermore, a detailed study of any one material, 
other than amnioplastin, has not been carried out. Nevertheless, ve 
ndsh to re-emphasize that in our studies all of these materials, both 
resorbable and nonresorbable, were treated as foreign bodies and encap- 
sulated in connective tissue. Furthermoi’e. resorption of the membranes 
was followed by a fusion of the inner and outer layers of this capsule. 
Due to these factors, the membranes not only failed to prevent meningo- 
eerebral adhesions but probably contributed to their formation. 

SUnjIARY AND CONCEUSIONS 

The experiments in this study concern the development of a mate- 
rial for use in the prevention of adhesions between the wounded brain 
and its coverings. The investigation was stimulated by the high inci- 
dence of epilepsy followiiig open craniocerebral injuries, particularly 
those due to missiles. In the introduction we have discussed the theo- 
retical significance of the meningeal ingrowth of cerebral sear in the 
causation of post-traumatic epilepsy. The literature bearing on the 
problem is reviewed. 

Seven different materials, namely, human amniotic membrane in 
fresh, attenuated and fixed (amnioplastin) foms, beef allantoic (In- 
sultoic) membrane, Cargilc membrane, sheets of the metal tantalum 
.001 inch in thickness, and films of 5 per cent poljwinyl alcohol were 
used. These substances were placed over both the wounded and un- 
wounded cerebral hemispheres of a large number of cats. The animals 
were killed at appropriate intervals varying from 4 to 240 days. Gross 
and miero.scopie observations of the tis.suc reactions to the materials 
are reported. The following conclusions are drawn: 

1. All of these materials arc foreign bodies and arc eventually en- 
cajvsulated. Tlie connective tis.sue and inflammatory cell reaction are 
variable in intensity. Although a few of them .show promise, none can 
be con.sidercd a.s having offered a solution to the problem. 

2. Tantalum foil was surprisingly inert and provoked but minimal 
encapsulation and inflammatory reaction. Being an impermeable mate- 
rial the meningoccrebral attaehnwnt was an indircol one via the margin 
of the capsule. 

.3. With the resorbable membranes, namely, amniojfla.stin, insultoic 
membrane, and Cargilc membrane, the connective tissue inve.slmcnt and 
inflammatory eell re.s]ion.sc were more prononneed. KcsoriUion of these 
materials was followed by fusion of the inner and otiter layers of tlie 
capsule with resultant binding of the brain and dura throngb the 
meibnm of dense eouneetive tissue. 

4 The fresh .-ukI atteiiuattsl ainniotie membranes did tiot pi event 
lueiiiugoeerebral adhesions but are of interest liecaust' of the liistolo'dc 
evidence for survival of their eouneetive tissue layei-s. 
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CGicbial ■\vouiid was controlled so that we knew if the epithelial or con- 
nective tissue layer was in contact wth the brain. 

There was but one good result in the ninety-four experiments with 
amnioplastin. This animal was killed at the end of 118 days. The 
membrane had been prepared by fixation in a series of alcohols, extrac- 
tion of the fat in ether, drjdng, and autoclaving. Jilembranes prepared 
in exactly the same way produced adhesions in other animals. 

When last heard from in April, 1940, Chao, in Peiping, was still 
enthusiastic about amnioplastin. He had used the material in a series 
of operations on human cases and believed that it vms satisfactory. Un' 
fortunately, due to the war, no further correspondence has been re- 
ceived and Ave are unaAvare of his present impression of this material. 

Both the fresh and attenuated forms of amniotic membrane have 
failed to prevent meiiingocerebral adhesions. NeA'ertheless, certain ob- 
seiwations on these materials are Avorthy of mention. The most inter- 
esting feature is the histologic evidence for the viability of their con- 
necthm tissue la5mrs. The collagen fibers Avere sharply demarcated Avith 
the characteristic large, oval, vesicular nuclei of fibroblasts scattei’ed 
among them. There Avas no evidence that these nuclei belonged to 
fibroblasts AAdiieh had infiltrated from the adjacent tissues. 

The chief difference betAveen the fresh and attenuated amnion lies in 
the reaction of the surrounding tissues to their presence. Large ag- 
gregations of polymorphonuclear leucocjdes or small round cells Avere 
constantly present along both surfaces of the fresh membrane, par- 
ticularly on the epithelial side. The response of the encapsulating con- 
nective tissue cells Avas similarly intense. In contrast, the attenuated 
membrane provoked but minimal capsule formation and inflammatorj'’ 
reaction. Other than a feAV aggregations of small round cells in one 
experiment, inflammatory cells AAmre lacking. The method of attenua- 
tion had apparently inactivated the irritating factor in the fresh mem- 


brane. 


In all of the experiments the implantation of the polyvinyl alcohol 
films Avas folloAAmd by encapsulation in dense connectiA'c tissue and an 
intense inflammatory reaction involving cells of many types. The reac- 
tion has been more severe than Avith any of the other materials. The 
ffim Avere still intact at the end of sixty-six days, a much longer time 
tl n Avas anticipated. It is possible that a more soluble compound 

would have been less irritating. 

•p the practical standpoint, therefore, none of the materials can 
ded for permanent use OA'cr the Avounded lira in. Tantalum 
be recommen , animal membranes may bo praclical for the 
foil and le layers, for example, hetAvcoii stages of a tAvo- 

temporary sepa > pm-po-se it AA-ould be nece.ssary to 

stage craniotomj. ],efore appreciable ro.sorplion had occurred, 

carry out the ^ limited to the u.se of these materials for the 

Since our stud) la adhesions alone, Ave arc not qualified to 

prevention of meningo 
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0 . The 5 per cent polyvinyl alcohol films caused an intense inflam- 
matory and fibroblastic reaction. However, this may be due to the fact 
that the compound used in this study was too insoluble. 

6. Tantalum foil and the resoi'bable membranes (amnioplastin, al- 
lantoic, and Cargile membrane) may be of value for the tempoi'ari' 
separation of layers, e.g., in a two-stage craniotomy. Use of these ma- 
terials for permanent emplacement over the wounded brain is not 
recommended. 

Tlie authors \vish to e.xpress their gratitude to Dr. Wilder Penfield, whose encour- 
agement and guidance throughout this study Iiave been invaluable. 
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TRENDS IN THE TREATMENT OP BURNS 


Grover C. Pexberthy, M-D,, Detroit, ]Mich. 


I T IS timely to discuss trends in the treatment of burns, especially in 
view of the need of such treatment created by the war. This is, in 
many re.spects, a different kind of war than World War I and, while 
casualties from many causes are to be expected, the number suffering 
from severe burns is bound to be much higher. Naval engagements 
closely associated with oil and gasoline as well as stores of explosives 
and other inflammable materials may be frequent. The mechanization 
of troops adds other burn hazards, even if flame throwers are not used. 
Tank warfare and air fighting also impose thermal hazards not usual 
in open infantry or trench warfare. 

Civilian populations may be sub.iected not only to the danger of fall- 
ing buildings and concussions, but also to fires. It is quite likely that, 
unlike other wavs where pestilence or trauma from projectiles took the 
toll of lives, in this war thermal in.iuries will account for the greate.st 
loss of life and limb. 

The history of burn therapy is iiiteresting. The Chinese, about the 
sixth century n.c., treated burns by the use of strong infusions of tea. 
Hippocrates left four burn prc.scriplions to be used as liniments, with 
all but one containing some form of fat. Carron oil, which has been 
used by many in our generation, is similar to the mixture of lime water 
and oil advocated by C'ei-apion in the third century n.c. The many 
other forms of therapy advocated are too numerous to mention al- 
though rcfcrciu'c should be made to ambrin. a mixture of parafiin and 
:imbcr oil, no doubt an imin-ovemenl on the melted parafiin advoeated 
iiy Lawson Tail, in ]8()4. Ambrin was used during World War I and 
for some lime thereafter. In fact, William Sherman of Pitt.sburgh is 
still a strong adv(H-ate of Ibis type of loenl aiiplication. 
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Through all the pre-Davidson period the chief concern was that of 
treatment of the local burned area. Speculations and some experi- 
mental work were concerned with the cause of death but advance 
toward an irnderstanding of the underlying pathologic processes in the 
burned patient was difficult. Not only did the advent of tannic acid 
treatment reduce the amount of suffering to the patient, but it freed 
the clinical investigator for further and more careful study of the 
patient. 


Blood chemical studies carried out in our patients at the Children’s 
Hospital led to the recognition that in severe burns the blood chlorides 
were lowered. As emphasized by Davidson this finding resulted in 
attempts to increase fluid intake, and while in many instances edema 
resulted from too vigorous introduction of saline solution, some ad- 
vantage was gained. A better understanding of the principles under- 
Ijdng the control of dehydration as outlined by Coller and Maddock 
have permitted us to control this difficulty. Transfusions of whole 
blood have been given to most of our patients to control reduction in 
blood volume. While Cumin, in 1823, noted hemoconcentration in 
relation to severe burns, the work of Underhill and his associates dem- 
onstrated this fact conclusively. Recognition of this important fact 
in relation to burns has resulted in additional lowering of mortality 
since plasma has become available for combating hemoconcentration. 

While the introduction of tannic acid undoubtedly played an impor- 
tant role in advancing our understanding and treatment of changes in 
volume and composition of the blood resulting from burns, it also re- 
duced the incidence and severity of secondary infection. Infections did 
occur, however, and when confined beneath the tannic acid crust were 
likely to be more troublesome than otherwise. Failure to adhere to 
basic surgical procedures in the preparation of the burned area has 
led to adverse criticism of the tannic acid method used in the treat- 
ment of the diffuse burns .seen in civil life. AVhile careful cleansing 
of the surface and debridement before the application of tannic acid 
reduces the tendency to infection, it must not bo expected to be perfect. 

Accordingly, tlie introduction of the .sulfonamide compounds has been 
of great assistance in controlling, as well as combating, infection. Dur- 


ing the period 1939 to 1942. 266 patients classified as hospital ea.ses 
with moderately severe or severe burns were treated and of this num- 
ber. it was deemed wise to administer one of the .sulfonamide drugs 
to ninety-two patients. Fewer than ten patients had the drug applied 
locally, the majority being treated orally or intravenously. Absor}}tion 
fi-om the burned area may be great, and we have been careful with 
the use of sulfonamides locally in extensive burns in small children 
We h.-ue used sulfadiazine, sulfanilamide, and sulfathiazole loealiv' 
feel the use m this manner has nn-rit. For the control and mai;,’ 
tenan.-e of_ader,u«te blood levels we have depeiulcd upon oral admin 
iMration oi tlie drug. ' 
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At tlie Children’s Hospital of Michigan, my associates and I have 
been activel}" intei’ested in this subject since the last war. The treat- 
ment of a burn, shorth' after the last Avar, represented one of the most 
harrowing experiences, not onlj’’ for the patient but for the surgeon 
as ivell. Eaw, open, irritated, and painfully infected surfaces were the 
rule. Vaseline gauze, through ndiieh granulations grcAv, Avas painfull}' 
remoAmd and painfully applied. Ambrin, used during the Avar period, 
gained recognition in ciAulian pi*actice and to some extent alleviated 
the pain and .suffering. The morale of the patient treated by eithei 
a moist dressing or Amseline gauze Avas difficult to maintain and no 
Avonder, since the morale of the doctor Avas usually at its loAvest ebb 
before he droAm himself to the task. Such a state of affairs, Avhile not 
alAvays the same in detail, Avas similar in principle in all hospitals. 
The practice of the individual clinician or hospital Avas founded on 
routines dictated by experience and the results Avere assumed to e 
satisfactory. HoAvever, information gained from statistical studies 
shoAved the results to be far from gratifying. The morbidity Avas pro- 


longed and the mortality Avas as high as 30 to 40 per cent. 

It may be assumed at the outset that the ideal form of therapy is 
probably not at hand and there is much to be desired. The field for 
development is broad. The greatest modern advance in the treMmen 
of burns Avas the introduction of the tannic acid treatment by ' 
son, in 1925. Wells has stated that, “the introduction of tannic acid 
bA' Davidson has revolutionized and, apparently for the first time m 
history, standardized the treatment of diffuse burns.’’ Tliis contribu- 
tion has not only relieved suffering and saved lives, but has influencec^ 
and stimulated others in their research on thermal injuries. The year 
1925 marks an era, and we might Avith propriety think the rea - 
ment of burns from a historic standpoint as the pre- or post-DaAids 

^^hfpre-Davidson period Avas not necessarily a period of bad tr^t- 
but rather one of varying and unstandardized methods. T c 
pn resrulurlv by any one phj^sician Avere not many, and the 
S— . of 00 won os s,o„d..-diocd noC.ods 

was 'the voi-ialioiis in treotmont ot the bnnicd orco I 

nt .^ome of niv oA\'n experiences in the pre-Davidson peiiod. 
wish to reeon Avas high and the hegimiing of the post- 

In this period the ^ marked drop in the mortality. 

Davidson World War I at the Childi-eii’s Ilo.spifal 

In onr senes, sborW < ^ applications such as 

the treatment coiisi. jlvessings, ambrin, vaseline gauze, exsangm- 

boric acid and sal advanced by Kobertson, picrie 

nation and area thoroughly with the patient anos- 

acid, scrubbing the bicarbonate batb.s, and oven the np- 

plication of a som 
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Through all the pre-Davidson period the chief concern was that of 
treatment of the local bimied area. Speculations and some experi- 
mental work were concerned with the cause of death but advance 
toward an understanding of the underlying pathologic processes in the 
burned patient was difficult. Not only did the advent of tannic acid 
treatment reduce the amount of suffering to the patient, but it freed 
the clinical investigator for further and more careful study of the 
patient. 

Blood chemical studies carried out in our patients at the Children’s 
Hospital led to the recognition that in severe burns the blood chlorides 
were lowered. As emphasized by Davidson this finding resulted in 
attempts to increase fluid intake, and while in many instances edema 
resulted from too vigorous introduction of saline solution, some ad- 
vantage was gained. A better understanding of the principles under- 
lying the control of dehydration as outlined by Coller and Maddock 
have permitted us to control this difficulty. Transfusions of whole 
blood have been given to most of our patients to control reduction in 
blood volume. While Cumin, in 1823, noted hemoconcentration in 
relation to severe burns, the work of Underhill and his associates dem- 
onstrated this fact conclusively. Kecognition of this important fact 
in relation to burns has resulted in additional lowering of mortality 
since plasma has become available for combating hemoconcentration. 

While the introduction of tannic acid undoubtedly played an impor- 
tant role in advancing our understanding and treatment of changes in 
volume and composition of the blood resulting from burns, it also re- 
duced the incidence and severity of secondary infection. Infections did 
occur, however, and when confined beneath the tannic acid crust were 
likely to be more troublesome than otherwise. Failure to adhere to 
basic surgical procedures in the preparation of the burned area has 
led to adverse criticism of the tannic acid method used in the treat- 
ment of the diffuse burns seen in civil life. While careful cleansing 
of the surface and debridement before the application of tannic acid 
reduces the tendency to infection, it must not be expected to be perfect. 

Accordingly, the introduction of the sulfonamide compounds has been 
of great assistance in controlling, as well as combating, infection. Dur- 
ing the period 1939 to 1942, 266 patients classified as hospital cases 
with moderately .severe or severe burns were treated and of this num- 
ber, it was deemed wise to administer one of the sulfonamide drugs 
to ninety-two patients. Fewer than ten patients had the drug applied 
locally, the majority being treated orally or intravenously. Absoiption 
from the burned area may be great, and we have been careful with 
the use of .sulfonamides locally in extensive burns in small children. 
We have used sulfadiazine, sulfanilamide, and .sulfathiazole locally, 
and feel the use in this manner has merit. For the control and main- 
tenance of adequate blood levels we have depended upon oral admin- 
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It is not our purpose to ijresent statistics coneerned with any one 
phase of tlic burn problem. We cannot refrain, however, from indi- 
cating again tiie general trend in our mortality statistics with ad- 
vances in treatment. While there is no doubt that our greatest de- 
crease in mortality came with the introduction of tannic acid, we wisli 
to emphasize that it is not oiir belief that tannic acid in itself is the 
only important factor in the lowmred mortality. Attention to surgical 
principles and general constitutional changes is also of prime impor- 
tance. We have not adhered strictly to the use of tannic acid at the 
Children’s Hospital but during the past several years we have used 
many other local applications, such as silver nitrate with tannic acid, 
triple djm, and gentian violet; saline baths and soaks; vaseline or scar- 
let red gauze; sulfadiazine in trietha2iolamine and sulfathiazole in an 
animal-fat base. 

The recognition of basic problems associated with burns has con- 
ti’ibuted to the steady march of progre.ss as exemplified by the care of 
the burned patient. The need for eonti'ol of changes in the constitu- 
ents of the blood as well as the recognition of the need for care in 
handling the burned surface and the control of infection seem obvious 
today. In the pre-Davidson period these principles were not so ob- 
vious. It may be quite possible that local treatment better than tannic 
acid will be introduced and that better methods of controlling hemo- 
concentration and infection may be found. 

It is not likely, however, that so great an impetus to the advance 
in the problem will come as that inaugurated by Davidson. At this 
time because of warfare, we have need for intelligent treatment of 
burns. It is appropriate that we pay tribute to the memory of one 
from this central area who contributed so much to advance our concepts. 



UTILIZATION OF PEDICLE SKIN GRAFTS IN CORRECTION OF 
CICATRICIAL ANAL STENOSIS 


Warren H. Cole, jM.D., and Paul W. Greeley, jNLD., Chicago, III. 

(From the Department of Surgery, University of Illinois, College of Medicine) 


A lthough in expert hands the results of treatment of imperforate 
anus in infancy is good, it is true, nevertheless, that in average 
hands the outcome is poor because of the formation of a stenosing scar 
at the anus. For the most part the poor results follow incomplete oper- 
ations in which the rectal pouch is not mobilized sufficiently to bring it 
down to the skin margin without tension. If there is tension on the 
suture line between the skin edge and rectal mucosa, the sutures fre- 
quently will cut through and the edge of the rectum will retract upward. 
This leaves a granulating area which produces a stricture after healing. 
In a few instances this stricture can be controlled by frequent dilatation, 
that is, two or three times per week for several weeks, and less often 
thereafter. On other occasions dilatation will be futile. 

When the opening is small, incontinence of a liquid type of .stool re- 
sults. Tlie stool becomes liquid through bowel adjustment, otherwise no 
expulsion of feces whatever would take place. Impaction usually is 
present and can be felt as large, soft, compressible masses in the ab- 
domen; peristaltic waves are likewise common. Fistula into the urethra 
(in males) or vagina is common; less frequently, fi.stulas develop in the 
perineum adjacent to the anal opening. 

When the opening contracts down to a match-head size, as is apt to 
happen in imperfectly performed operations, or when dilatation has 
been neglected for the first few years of life, correction then becomes 
very difficult. In fact, Ladd and Gross' remark that when this con- 
dition develops, resulting perhai)s from a separation at the .suture line, 
the re.sultant strictured zone “is almost im])ossible to cure by any subse- 
(picnt operative procedure.’’ In general, the sueee.ss of dilatation varies 
in an inverse ratio with the age of the child, that is, it is more effective in 
infancy. 


It occurred to us that failure in the average operation for neglected 
stenosis of the anus was due to the fact that there was so much sear 
tissue that the amount of skin was insufficient at the i)oint of rci)air. 
Numi'i-ous tyiies of operations have been titilized in an attempt to cor- 
rect tl.is condition. They arc all of the plastic type. T!ic more common 
ones Ciinsist of excision of the scar with undermining of skin flaps or 
r^ion of ti.o scar and mobilization of the terminal end of the rectal 
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It is not our i^urijose to present statistics concerned with any one 
pliase of the burn problem. "We cannot refrain, however, from indi- 
cating again the general trend in our mortality statistics with ad- 
vances in treatment. While there is no doubt that our greatest de- 
crease in mortality came with the introduction of tannic acid, we wish 
to emphasize that it is not our belief that tannic acid in itself is the 
only important factor in the lowered mortality. Attention to surgical 
principles and general constitutional changes is also of prime impor- 
tance. We have not adhered strictly to the use of tannic acid at the 
Children’s Hospital but during the past several years we have used 
many other local applications, such as silver nitrate wdth tannic acid, 
triple dye, and gentian Auolet; saline baths and soaks; vaseline or scar- 
let red gauze ; sulfadiazine in triethanolamine and sulfathiazole in an 
animal-fat base. 

The recognition of basic problems associated with burns has con- 
tributed to the steady march of progress as exemplified by the care of 
the burned patient. The need for control of changes in the constitu- 
ents of the blood as well as the recognition of the need for care in 
handling the burned surface and the control of infection seem obvious 
today. In the pre-Davidson period these principles were not so ob- 
vious. It may be quite possible that local treatment better than tannic 
acid will be introduced and that better methods of controlling hemo- 
concentration and infection may be found. 

It is not likely, however, that so great an impetus to the advance 
in the problem will come as that inaugurated by Davidson. At this 
time, because of warfare, wm have need for intelligent treatment of 
burns. It is appropriate that we pay tribute to the memory of one 
from this central area who contributed so much to advance our concepts. 
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sufficient subcutaneous fat in order to have inability insured. It is safer 
to have previously elevated and delayed this flap so that when it is 
transferred its circulation will be certain. At the next operation, two or 
three weeks later, an incision (see Fig. 1) is made from the stenosed anus 
posteriorly and upward to the rectal mucosa. This opening is dilated, 
leaving a V-shaped defect. The flap is then mobilized, is transferred 
to the anal defect, and secured to the cut edges of the mucosa (see 
Fig. 3). A plug of three per cent xeroform vaseline gauze is then 
placed in the rectum to exert a moderate amount of pressure against 
the end of the flap to guard against passive congestion. The donor site 
is temporarily covered with xeroform vaseline gauze and dry dressings. 
The wounds are dressed suffieiently often to insure surgical cleanliness 
and the flap is permitted to remain in this position for three weeks. 
The silk sutures either cut through and are extruded spontaneously or 
may be removed in approximately ten days. 




At the termination of thice necks the llap is divided and the free 
end of the distal portion is sutured to the skin at tiic anal outlet (sec 
Fig. 4). The unused part of the flap (Fig. 41)) is then returned to the 
donor site and seeured in place nith interrupted cotton or silk sutures. 
The balance of the donor site (Fig 4o) is jiermittcd to fill in by second- 
ary intention although a split skin graft niiglit be .applied if the .surgeon 
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wall. On occasions when the stenosis is limited to a very narrow area 
of tissue, mobilization of the terminal rectum and the use of the White- 
head technique to bring it down, may suffice. A few years ago, Davison' 
reported the use of prepuce as a skin graft which he transplanted to the 
anus in an infant to cover the defect after an opening was made into 
the rectal pouch. Unfortunately, the child died before the final results 
of the operation could be determined. 



■o „ 1 — Wote the stenosed opening which results from all punctures hiade for 
anus and many well-performed operations The dotted lino represents 
made to open the anus, making room for the skin graft . however, there 
g'rlt' mifsT bcT flap outlined as m Pig 2 


On the assumption that the chief difficulty in the usual type of plastic 
vnnoir was due to an insufficient quantity of skin or mucosa, we decided 
* fl skin graft. Since a pcdicled graft would have some soft tissue 
intervening between the grafted skin and the scar, wo elected this type 

of . gtep a tempoi-arj- colostomy (double-liarreled, with- 

As apre nin„)’jg descending colon so that the 

out tissue Pe 'carried out in a clean operative field. After the 

anal surgeiy tjaaino- well and the lower loop completely cleaned out 
colostomy is reeonsirnetion of a new anal opening can be 

by irrigation, the plastic 

started. . . ^ pcdicled fiap of skin is elevated from the 

About two opening. Tliis flap is designed .so that it 

buttock lateral to ,sithout tension vhen it is 

p-iU he long enough^^^j„,; ^.^^^qelely eo\er tlie defect and eonlain 

transfein’cd, ■"* 
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However, it appears that the result in one (recent) case may he superior 
to the first since she is able to retain fairly large ([nan titles of water [200 
to 300 e.c.) without spillage. 

Our experience with the first case casts doubt upon the amount of 
peristaltic function which may be regained. For a few weeks the pa- 
tient had an occasional volvintary stool rec[uiring enemas once or twice 
a week. However, at the present time (eighteen montiis after closure of 
the colostomy) she has no stools except by enema. Whether she has made 
an improper attempt to develop a normal peristaltic mechanism through 
her neglect or improper instructions on our part, we cannot say. She 
has no incontinence whatever unless she has a diarrhea. However, 
mineral oil taken by mouth tends to leak out her rectum without control, 
and does not facilitate evacuation. In an attempt to encourage her to 
develop a normal stool habit ue \\in try mild cathartics, hoping that 




KIK (—Two "r th.- fl-ip to tin- unit oinnlnfc the 

n-Ki i" TOl tr\n“\ < r<i n . th- <ll’<tiil t-ml hllli Mitun o to th- .-mil <!tf-c[ anO 

rroxtnml portion bick lo the origin \l sU» 


fion\ tUt'ir u<‘tu>n, sht* mat K':u*n to timoiop a stool haliit. It ‘^eoms 
possihU*. tiuit each ^^as vo loner that Ihe 

ri’sultanl r-dvintliiiicy of the colon (, particularly of the siamoid). ju'csent 
m ciicii cas--. mat a.-l as a mechanical factor in jir.ncntiiur normal evac- 
uiitioii In atidition (o this ))osMlnht.\, it is conceivable that since each 
bad maw many \c:n-s without ilcvcln|nncnt of a mirmal [icristnilic 

tocclmiusm. it miciii not lAcr he recovered. This posxilnlity sucucvis 


352 


SUBGKUY 


lU'efei's. TJie skin sniures are i-emoved within se\’en to ten da3's, at which 
time all of the wounds are healed and the operation at the anus therebj’ 
completed. At anj^ time after that, the temporaiy colostom.y is closed 
by cutting the spur in a Mikulicz fashion and closing the roof at a con- 
venient time thereafter. 

The above procedure has introduced a segment of well-vascularizcd 
and elastic skin to replace the deficienc.v at the anal outlet. This will 
guard against subsequent contraction. 



We have operated upon two cases utilizing the above technique with 
very gratifying results. These two patients were girls, aged 15 and 14 
years, each with a history of having been born with an imperforate 
inns and having incontinence of liquid stools tlirough tlie stenosed areas 
Vhich could not be dilated to a size greater tlian that of a lead pencil. 
V 'eh had a marked fecal impaction with huge masses palpable at several 
• the abdomen and numerous visible peristaltic vaves. In each 
^ ■ 1 davs were required to eliminate the impaction. It was in- 
case seveia there ucre so few tibers of the anal 

teresting ° muscle could not be identified. At fir.st 

sphincter e ‘.^^g^^inence might be e.xpeetcd, but if is well known 

hand, a seveic ‘ alone is fairly etTcclivc in preventing ineon- 

that the interna s gtools are liquid. Neither of our j)atients has 

tincnce, except '' tlist has been completed for such a short 
incontinence, jt is difTicuU to pi>cdiet permanent results 

time (a 


few 
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However, it appears that the result in one (recent) ease may he superior 
to the first since she is able to retain fairly large ([uantities of water (200 
to 300 e.c.) without spillage. 

Our experience with the first ease casts doubt upon the amount of 
peristaltic function which may be regained. For a few weeks the pa- 
tient had an occasional %'oluntary stool requiring enemas once or twice 
a week. However, at the present time (eighteen months after closure of 
the colostomy) she has no stools except by enema. ^Yhether she has made 
an improper attempt to develop a noi>mal peristaltic mechanism tlirough 
her neglect or improper instructions on our part, we cannot say. She 
has no incontinence whatever unless she has a diarrhea. However, 
mineral oil taken by mouth tends to leak out her rectum without control, 
and does not facilitate evacuation. In an attempt to encourage her to 
develop a normal stool habit we will try mild cathartics, hoping that 








Ely. 4 — or three after tron-sDl.-intlnf; tlic tl.-ip to the iinnl oponjnff thr 

Ctip K cut tran-iV I r“cl.v. Ilxlnir the dLtal end with •iuturcs to tin- iin-il ilefict .-ind 
triin-ipliintlnsr the proximal portion hick to the orlKinal <iltr. 


from llicir action, slie may leani to develoji a stool haliit. It seems 
possible, iiowcver, that each patient was obstructed so lonti tliat the 
resultant redundaiiey of the colon (particularly of the sitinmid). jtresenf 
in each ease, may aet as a meebanieal factor in jircicnting nonnai e\ac- 
nation. In addition to this possibility, it is conceivable that since each 
had gone lor so many yeaiN without development of a normal perislaltie 
tneehunism, it might mit ever be rceo%‘ered. This jiossibility suggests 
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that operation siiould be performed at a much earlier date than in our 
cases. However, we operated on each of our patients shortly after they 
applied to the dispensary for treatment. 

SUMMARY 

Patients with imperforate anus frequently develop such a severe 
stenosis, particularly following inadequate operation at birth, that the 
ordinary plastic procedure is unsuccessful. In an effort to treat these 
severe types, we have chosen to use a pedicle skin graft on the assump- 
tion that the chief cause of failure in the other plastic procedures was 
insufficiency in the amount of normal elastic skin. 

After doing a preliminary and temporary colostomy of the descend- 
ing colon, we raised the pedicle flap from the buttock and transferred 
it into the raw area resulting from correction of the stenosis by incision. 
We recommend raising the flap at one operation and transplanting it 
two or three weeks later to insure good blood supply. In each of two 
eases, transplantation of a flap corrected the stenosis very satisfactorily. 
Incontinence does not result unless diarrhea is present. 
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THE EFFECT OF THE TOPICAL APPLICATION OF SEVERAL 
SUBSTANCES ON THE HEALING OP EXPERIMENTAL 
CUTANEOUS WOUNDS 


Brock E. Brush, M.D., and Conrad R. Lam, M.D., Detroit, Mich. 

(From the Division of General Surgery of the Henry Ford Hospital) 


T here have been many attempts to influence the healing of wounds 
by the use of medicinal agents. Most of these substances have been 
prepared for topical application, as ointments, irrigating solutions, or 
dusting powders. Others have been given orally or parenterally with 
the idea that the general condition of the organism might favorably 
affect the reparative process. With the latter method there has been 
some success; for example, it is generally accepted that vitamin C plays 
an important part in the formation of new fibrous tissue. On the other 
hand, although there is a long list of substances which have been recom- 
mended for local use to control infection and speed up epithelization in 
granulating wounds, the .surgical literature contains no truly convincing 
reports. 

During a ten-year period beginning in 1916, Alexis Carrel and his 
associates published a number of papers on the subject of the healing of 
cutaneous wounds.’"' It was found that noninfected wounds cicatrize 
according to a regular geometric curve, that the rate of healing is faster 
in larger wounds, and that wounds in older individuals heal slower. 
The early latent period was demonstrated, and it was shown that com- 
plete absence of irritation caused cessation of healing, while the irrita- 
tion accompanying minimal infection accelerated healing in Carrel’s 


experiments. 

About ten years ago, there was considerable interest in the role of 
sulfur in uound repair. In an article on the use of thiocresol, Reimann 
stated,’' “The naturally occurring chemical radical SH— which stimulates 
mitosis has been discovered. Advantage is taken of the chemical group 
sulphydr>l to stimulate the healing of wounds.” Neither of the two 
wounds descnlicd in this communication was entirely healed at the time 
of the report Other encouraging clinical reports followed.'’- • Recently, 
the use of a proprietary containing .sulphydiyl has been advocated for 
llic treatment of burns.* 

Thiocresol was also investigated in an impartial manner by Smclo,” 
who in 1966 revieweil the literature on the effect of local agents in wound 
healing and reported the re.sults of his experiments on .sixteen patient.s. 
lie strevsed the fact that most clinical studies have been inadequately 
controlled and the results probably liave been assessed incorrectly by 
entbuMastie wntei-s. He investigated a number of ngent.s during 177 


nl n.- I Aimvisl 

r... Ill . I • 1- IN "e'l l-ij; 


M-H-Uni: of Ujo r, mrsl 


Siirttlr.il 




Chi- 



356 


SUBGKliy 


periods of observation on the sixteen patients with granulating wounds 
in which there was delayed healing. His list was as follows, (1) ad- 
mittedly inert agents: petrolatum gauze, physiologic saline solution, 
and dry gauze dressing; (2) antiseptic agents: merthiolate, merthiolate 
ointment, mercui’oelirome, zinc peroxide paste, and a paste consisting 
of zinc oxide, acacia, and glycerin; (3) presumably stimulating agents: 
thiocresol in solution and in ointment, irradiated petrolatum, allantoin, 
Peruvian balsam, and ultraviolet radiation. He concluded that the re- 
pair process was not significantlj’^ altered by any of these agents. 

Anderson'” conducted a similar investigation of the effect of a num- 
ber of local antiseptics on infected wounds. The following topical 
agents were used : Dry gauze dressings, moist saline dressings, alcohol 
dressings, iodoform gauze, azoehloramide, merthiolate, catadyne silver, 
Dakin’s solution, and zinc peroxide cream. He found that these mate- 
rials had little or no beneficial effect upon the healing of infected 
wounds, except in the ease of zinc peroxide, which favorably affected 
special cases. These agents did not appear to retard healing by irri- 
tation of tissue cells. He suggested that less attention be given to the 
selection of a local antiseptic agent and more consideration be given 
to the problem of increasing local tissue immunit}’^ and fostering the 
removal of necrotic tissue by mechanical and chemical debridement. 

The possibility that embi'yonic tissue might contain a hormone or 
enzyme which would accelerate wound healing has been investigated. 
Carrel’s group used an embryonic tissue extract in their tissue culture 
experiments," but later found that the growing tissue utilized the em- 
bryo extract only as a source of niti'ogen, and tliat proteoses obtained 
by the peptic digestion of fibrin produced a more abundant multiplica- 
tion of fibroblasts.'^ Satisfactory growth-sustaining proteoses were also 
obtained from egg white, rabbit brain, and Witte's peptone. 

Waugh'’’ investigated an embryonic extract bearing the name of ‘‘cpi- 
cutan,’’ which was made l)y Albert Fischer of Copenhagen. Four 
patients were treated for chronic gi-anulating wounds with encouraging 
results. It is obvious that such a .series is too small from which to draw 
conclusions with regard to wound healing. 

The experiments reported in this paper were undertaken at the sug- 
o- stion of Dr. Alexis Carrel and Dr. Roy D. JlcCIurc. It was planned 
f t the effect of .several concentrations of a chloramine paste as well 
embrvonie material. The latter was never received for study 
y) . Carrel found him.sclf in Occuj)icd France and his a.s.sociatc, 
because ‘ particular material, lost his life in a Channel 

who was mteresitu 

crossing. nmcntal method used in the chloramine i)nstc cxi'cri- 

Since the expcj efl'cctivc. a number of other ngenf.s were 

tnents seemed to “stand-bys" on the surgical drc-ssing car- 

tested. Two of 'CS ^^^j_^^j^^j.^^.j,p.|,},.,yf.l„,(,n,.,.,.,„nn,P,],],.drcccfifly 

riages and others V ere. snl)stanccs were tested: 1 

ior the treatment of ' 
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per cent chloramine paste, 1.5 per cent chloramine paste, 3 per cent 
chloramine paste, scarlet red ointment, peruvian balsam, urea crystals, 
glycerin, 2 per cent pectin solution, commercial vitamins A and D oint- 
ment, and chlorophyll ointment. 

EXPERIMENTAL METHOD 

The experimental method was essentially that used by Carrel and his 
associates in their numerous investigations on the healing of cutaneous 
wounds. Each substance was tested on twelve guinea pigs. Under 
ether anesthesia, the abdomen was shaved, prepared with an antiseptic 
solution (hexyl-ehloro-m-eresol“), and two cutaneous defects were made, 
one being on each side of the midline. The wound on the animal’s left 
side was consistently used as the test wound and the other served as a 
control. The wounds were approximately the same size and were usually 
about the size of a dime (Fig. 1). However, in such an experiment, it 
is unnecessary for the wounds to be exactly the same size, since there 
is a strong tendency for wounds in the same individual to heal in the 
same period of time, even if tiiere is difference in size (Carrel’s law). 



I'lK l -ShowlPK Oio t«o wotintls nnOp on Uio abdoinlnn! ot Kulnci pIb. 


!mmc<liat<'l.\ aflcr the wounds wore mii<lc, they were outlined on 
slcnl(> cclh.pham- to iecor<l the size, after wliich the substance to i)e 
tested was placed on the apj.ropriale wound. .Small .sterile gauze drc.ss- 
ings were then ]>l;ieed on each wound and held in jihice by adhesive tape 
which passed entirely around the aniniars body. .Such a dressing al- 
most invariably remained in place until the time of the change of 
dKssing. The w.miids wore dressed every two davs. at wliieh'timc 
more of the substaree to be tested w.as appli.sl mul traeings of the 
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wound areas wei’e made, T]ie eellopliane tracings were transferred to 
wdiite paper for a permanent record (Pig. 2). In some instances, the 
areas were computed means of a planimeter which indicates the 
areas of iiTegmlar figures by a tracing of the perimeter (Pig. 3). From 
the values tlius obtained, graphs of healing could be constructed (Figs. 


4, 5, and 6). 
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Pig. 2. — Typical record of the healing of wounds in one aninial ; the left side w»s 
treated with glycerin every two days, with no effect on the liealing time. 


In these experiments, no attempt tvas made to evaluate the effect of 
the age of the animals or tlie nutritional state. They were fed the 
stock laboratory diet. Presumably each animal served as his own con- 
trol, although the possibility of absorption from one wound having an 
effect on the control wound is admitted. 

It would serve no useful purpose to present all of the data on the 
healin" of these experimental wounds. A typical e.xperiment on twelve 
animars is represented in the resulls obtained when 1 per cent chlora- 
mine'paste was applied to the tc.st wound (Table I). 

In Table I, it is indicated that healing wms apjinronlly aecelcralcd in 
animal imaffectcd in eight, and delayed in three. It will he noted 
X w L'fhnre was a difference in tlic liealing time, it was never more 
that we firessin"' period. Actually, therefore, the differenec 

than the C„,,. Iloneo, in e, •.In., inn .he 

was someu le 7 ,octc for inclusion in Table It, the .siinimary 
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Table I 

1 Per Cent Chloramine P.vste in Tbelte Animals 


(Dans Eeqhired for He\ling) 


nEVLlXG 


CONTROL W'OUND 
(DAYS) 

TEST VrOVSD 
(DAYS) 

Hastened 


14 


12 

Unchanged 


16 


16 



16 


16 



IS 


18 



16 


10 



12 


12 



16 


16 



12 


12 



16 


16 

Delajed 


16 


IS 



10 


12 



10 


12 


Table II 



Showing Number of Animals 

IN Wnioii Healing 

WAS Hastened, Hnaffected, 

OR DEL-'YED, 

With Sujim'Ry 


SIATrr.IAL TESTED HASTENED 

NO EFFECT 

DELATED 

SUMMARY 

1% chloramine paste 

1 

7 

3 

No effect 

15% chloramine paste 

1 

6 

5 

Delajed (?) 

.1% chloramine paste 

0 

4 

S 

Dela' ed 

•Scarlet red 


8 

0 

No effect 

Pcru'ian halsam 

0 

tl 

3 

No effect 

Urea cr'stals 

0 

0 

12 

Detaj cd 

Ghconn 

1 

7 

4 

No effect 

Pectin colution 

3 

8 

1 

X'o effect 

Vitamins A and D ointment 

3 

7 

2 

No effect 

Ohloropli>ll ointment 

4 

7 

1 

No effect 


COMMENT ON THE TEN SUBSTIN'CES TESTED 


The cNiieiimenls sliOM that of the thiee concentrations of eliloramine 
paste* Incd, the 1 per cent vaiiety does not inliibit Mound healing, the 
1 5 per cent \anetj lias a slight inhibitory cfi’cct, while the 3 per cent 
stiength has an appicciable delaying action (eight out of twelve ani- 
mals t 

Tile chief ingiedient in scarlet red ointment is a dye, amino-arotoluene 
aFobctanaphtluil Bettman’ stated, “Scarlet red ointment .... is 
defimteh stimulating to tlic epithelium and piomotes its growth.” The 
(tiutimiit had no cfiect on tile healinir of wounds in these e\periments. 
Peiiuian balsam is another substance which occupies a place on manv 
siitgienl dicssiiig c.irriages Xo benefieial elToct was demonstrated iii 
this stud.' of iioninfceled wounds. 

A ftw \e.iiN aim. theie was a wave of enthusiasm for the use of urea 
solutions in the tt< ntment of open wounds We have not seen .a report 
of eNpiiimtnts to determine the eiTtet on wound licalintr. We tried the 
efuct of spimKlimr iiiea er'stals on the cutaneous wounds in cuiuca 
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pigs. The control wounds healed in 10 to 14 days (average 12.3 days) 
while healing on the treated side was delayed in all animals (Fig. 7). 
In nine animals, healing was complete in an average of 20.6 days, and 
in three animals, the wounds were not healed at the end of a thirty-day 
period. Two of the latter wounds became grossly infected. 


-U 



Fig. 3. — Polar planimeter. for determining the area of nongeometric ngures. (Instru- 
ment purchased from Keufel and Esser, New York.) 



time. 


ni Ins been recommended for topical iipi)Iie;ifion to various 

^ 'r •ncliuliii'' burns, l)y a niiinljer of autliors, the liitest of whom is 
wounds, 1 , ligvcd that the osmotic action of glycerin cnnii-iluitcd to 

d 1 eiliu" by reducing edema through its dehydrating cffecl. In 
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our twelve experiments, liealing was delayed four times, twice by four 
days or more, and infection developed in one of the treated wounds. 

Tompkins and his associates^ advised the use of pectin solution for 
infected woiuids. They treated seventy-five cases with chronic wounds, 
such as decubitus and trophic ulcers, or operative wounds ^vith drainage 



Fig, 5.— 'Usual result when substances are applied to a wound . no effect : wound on 

left treated with glycerin. 



Fir-, g — G raph of wound lK‘almg when urea crystals were applied to the trcatf-^I 
wound; healing was df'layed eight days. 

secondary infection. They felt that the results exceeded the usual 
expectations, and emphasized that suppuration seemed to he minimized 
^nd that granulation tissue grew abimdantly. They made no obseiwa- 
tions on the effect of pectin on noninfected womids. In our experi- 
Ji^ents, pectin had no significant effect on wound bealins. althoush it 
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pigs. The control wounds healed in 10 to 14 days (average 12.3 clays) 
while healing on the treated side was delayed in all animals (Fig. 7). 
In nine animals, healing was complete in an average of 20.6 clays, and 
in three animals, the wounds were not healed at the end of a thirty-day 
period. Two of the latter wounds became grossly’ infected. 



Fis. 3. — Polar planimeter, for determinine the area of noneeometric ngures. (Instru- 
ment purchased from Keufel and Esser, Ne-n' York.) 



time. 


• 1 c been rccomnicntlccl for topical aiijilicalion to various 

Gly'cenn la ^ ))v a minibcr of aiitliors, the latest of wliom is 

rounds, incluchng > osmotic action of >;Iyccrin contrilmted to 
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was prepared. The chloi’ophj’U "was presuined to )ia%e the fowniila 
C..H.„OrN Jfe. In Table II, it is seen that althongh there was apparent 
acceleration of healing in ionr animals, seven showed no effect and in 
one there was apparent delav. Ifurther experiments rising other forms 
of ehlorophyll are planned. 

sxnntAKV 

Ten medicinal agents were applied locally to small wounds in guinea 
pigs and the healing time compared with control wounds in the same 
animals. These ten materials were; three concentrations of chloramine 
paste, scarlet red ointment, pernvian balsam, nrea er>-stals, glycerin, 
pectin solution, commercial idtamin A and D ointment, and chlorophyll 
ointment. Of the substances tried, none was found which consistently 
exerted an accelerating effect on wound healing under the conditions 
of the experiment. Urea crystals and 3 per cent chloramine paste were 
definitely inhibitory. 
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was noted that the granulation tissue appeared more than usuallj' clean 
and healthy. 

There are numerous articles advising the use of vitamin preparations 
to stimulate epithelization. For example, Hardin^" stated, “As a wound 
dressing, it (cod liver oil) possesses a unique stimulating effect on gran- 
ulation and epithelization. This results in rapid regeneration of tissue 
defects. The stimulating effect is probably due to its vitamin A and T) 
content .... it is concluded that commercial ointments are supcrioi 
to homemade preparations,” Abramowitz^® stated, “When applied lo- 
cally in an ointment base, the natural vitamins A and D stimulate woun 
healing, especially epithelization.” Reference to Table II shows that 
in our experiments a commercial vitamin A and D ointment^ had no 
effect on the healing time of the noninfeeted wounds in these presumahb 
healthy animals. It is possible that in the presence of avitaminosis, sue i 
a preparation might exert a specific effect. 
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being one year. His method involved an exposure of Cooper’s ligament 
by retracting the femoral vessels slightly laterally. He then sutm*ed 
the muscular edge of the internal oblique to Cooper’s ligament with four 
to five heavy silk stitches. Lotheiseiv refers to this step of the procedure, 
as follows, “So koramt der sehwerigste Akt, das Durchziehen durch das 
Lig. Cooperi.” 

Tim external oblique fascia was then closed over the cord, after which 
the superficial tissues were brought together. 

Fischer (1919 ). — Stating that he had learned the operation from 
Kamraerer, who was apparentl.v one of the fii’st proponents of the 
Lotheisen operation in the United States, Fischer stated that he had 
treated thirty-seven instances of femoral hernia in this manner with no 
recurrences. In his technique he breaks do-wn Hesselbach’s triangle to 
expose Cooper's ligament. The conjoined tendon is then sutured to the 
ligament and the external oblique closed over the cord in the manner 
of a Bassini-McVay operation. 

&rovo.^ (1933 ). — This British author used a modified Uotheisen pro- 
cedure in the treatment of twenty-one eases of femoral hernia during 
the previous ten-year period. The sei’ies inchided twenty women and 
one man, the ages varying from 23 to 73 years, and in nine cases tlie 
operation was necessitated by strangulation. No recurrences were re- 
ported, In his operation, Groves splits Poupart’s ligament and then 
has ready msihility so that the conjoined tendon may be sutured to 
Cooper’s ligament from the piihie spine laterally to the femoi’al vessels. 

Steffen (1923 ). — This New York surgeon also used the Lotheisen 
technique through an inguinal incision for femoral hernia. After draw- 
ing the femoral sac into the inguinal canal it is inverted and “the 
typical .suture of the edge of the conjoined tendon to Cooper’s liga- 
ment, covering the iliopeetineal line, is made as close to the femoral 
vein as can he safely done, even angulating it a trifie.’’ He began 
suturing this lajmr at the medial angle, hut advised against tying the 
sutures, “of -which three or four are needed, until all are placed, as 
otherwise one has difficulty in placing the most lateral suture next to 
the vein.” We can agree with these statements most heartily, but 
believe that the diifieulty can best be overcome by placing the most 
lateral .suture first. 

Andrcivs (1931 ). — ^Working in Chicago, Andrews used the Lotheisen 
technique to approximate the conjoined tendon and Cooper’s ligament 
with Kangaroo tendon in one case of large femoral hernia. 

Keynes (1927 ). — This British .surgeon pointed out that in the treat- 
ment of femoral hernia, .S'Uture of the Jloscheowitz Ijiie may not last, 
“neither ean it be .suppn.sed that an approximation of two tense .striic- 
tuvc.s such as the inguinal ligament, or the ligament of Astloy Cooper, 
can 1)0 permanently maintained.” Keyne.s differed from klcYay in 
that be believed that “the lower edge of the internal oblique, being 
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M ost .surgeons trojiting licrnijis Yvill agree to the following two 
Iircinises: (1) The three main tyjics of groin hernia are he.sl 
treated by dilTcrcnt Y’arietie.s of surgical jirocedure. (2) In the repau 
of inguinal hernias at least one layer should be sutured to Pouparl s 
ligament. 

The present paper offers a technique that defies both of these precepts. 
An identical technique is used for all of the groin hernias and no la.>ci 
is sutured to Poupart’s ligament. 

The field of hernial surgery is receiving increased attention of late 
hceause of the necessities of military and industrial fitness during the 
present national emergency. The number of operative procedures ac- 
vised for hernial repair indicates the relative inadequacy of most of them 
in preventing recurrences. This paper discusses the use of a mctlio 
of repair advised by Lotheisen (1898), and others, for use in femora 
hernias and recently modified by MeVay (1938-1941) for use in inguinal 
hernias as well. The series discussed includes 131 hernias operated upon 
bv the senior author (H.N.H.) or his assistants, during the period Apri 
23, 1940, to August 31, 1941. Of the 131 hernias, 80 were operated upon 
bv the senior author personally. The method has been used for all tyjies 
of groin hernias including indirect inguinal, direct inguinal, femora , 
mid” simple incarcerated, strangulated, or recurrent varieties of sev- 
eral of these anatomic t,vpes. Tlie method may be called the Lotbeiscn- 
but since the former writer used it essentially for femoral 
hernias’, we prefer to call it simply the MeYay repair. 

the lotheisen operation for femoral hernia 

writers have discussed the use of a closure for femoral hernias 
w 1 -iivnlves (1) an inguinal approach, and (2) siilnrc of tlie con- 
!mulon or an adjacent structure to Cooper’s ligament. The ntdi- 
jomed t ligament in place of Poupart's ligament is the esson- 
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being one year. His method involved an exposure of Cooper s ligament 
by retracting the femoral vessels slightly laterally. He then sutured 
the muscular edge of the internal oblique to Cooper’s ligament with four 
to five heavj^ silk stitches. Lotheisen refers to this step of the procedure, 
as follows, “So kommt der sehwerigste Akt, das Durchziehen dureh das 
Lig. Cooperi.” 

The external oblique fascia was then closed over the cord, after which 
the superficial tissues were brought together. 

Fischer (1919). — Stating that he had learned the operation from 
Kammerer, who was apparently one of the first proponents of the 
Lotheisen operation in the United States, Fischer stated that he had 
treated thirty-seven instances of femoral hernia in this manner with no 
recurrences. In his technique he brealcs down Hesselbach’s triangle to 
expose Cooper’s ligament. The conjoined tendon is then sutured to the 
ligament and the external oblique closed over the cord in the manner 
of a Bassini-iMcYay operation. 

Groves (1933). — ^This British author used a modified Lotheisen pro- 
cedure in the treatment of twenty-one cases of femoral hernia during 
the previous ten-j'ear period. The series included twenty women and 
one man, the ages varying from 23 to 73 years, and in nine cases the 
operation was necessitated by strangulation. No recurrences w'ere re- 
poi’ted. In his operation, Groves splits Poupart’s ligament and then 
has ready visibility so that the conjoined tendon may be sutured to 
Cooper’s ligament from the pubic spine laterally to the femoral vessels. 

Stdicn (1933). — This Neiv York surgeon also used the Lotheisen 
technique through an inguinal incision for femoral hernia. After draw- 
ing the femoral sac into the inguinal canal it is inverted and “the 
typical suture of the edge of the conjoined tendon to Cooper’s liga- 
ment, covering the iliopectineal line, is made as close to the femoral 
vein as can be safely done, even angnlating it a trifle.” He began 
suturing this layer at the medial angle, but advised against tying the 
sutures, “of which three or four are needed, until all are placed, as 
othci-wise one has difficulty in placing the most lateral suture next to 
the vein.” We can agree with the.se statements most heartily, but 
believe that the difficulty can best be overcome by placing the most 
lateral .suture fir.st. 

Andrews (1931). — ^Working in Chicago, Andrews used the Lotheisen 
technique to approximate the conjoined tendon and Cooper’s ligament 
with Kangaroo tendon in one ease of large femoral hernia. 

Keynes (1927). — This British surgeon pointed out that in the treat- 
nient of femoral hernia, suture of the hloschcowitz tj^pe may not last, 
“neither can it be supposed that an approximation of two tense struc- 
tures sueb as tbc inguinal ligament, or tbc ligament of Astley Cooper, 
ran be permanently maintained.” Keynes differed from hlcTay in 
that he believed that “tbc lower edge of the internal oblique, being 
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iniiseitlar, no( aponeurotic, comes down without much tension,” where- 
as^we never sew red muscle and use only fascia. In a six-j'ear period, 
12o cases at &t. Bartholomew’s Hospital Avere treated by suturing this 
muscular edge to Cooper’s ligament, with only three knoAvn recur- 
rences. In twenty-one additional ca.se.s, Rejmes turned down a rather 
large semicircular flap from the internal oblique layer of the rectus 
.sheath. This Avas turned at an angle of almost 270 degrees and sutured 
to Cooper's ligament from the pubic spine as far laterally as ’the 
femoral A'cssels. Speaking of the application of this second modified 
method to femoral hernia, Keynes stated, “I belieA'e it to be theoreti- 
cally the best operation for all eases,” but praeticall 3 ', in simple cases 
he merclj' sutured the internal oblique muscle itself to Cooper’s liga- 
ment. Fitzmauriee-KcU}' (1927), in a letter, opposed Keynes’ ideas 
aJid preferred a klosehcoAvitz tj’pe of procedure. 

Dicicson (1D36 ). — Stating that "of all the operations preAUously pro- 
posed for the cIo.sure of femoral hernia, the Lotheisen technique comes 
the nearest to fulfilling the requirements of the anatomical and surgical 
principles inA'oh’ed,” Dickson used a modification of the operation. In 
his OAA’n method he sutured only the transA'ersalis fascia rather than 
the entire conjoined tendon to Cooper’s ligament. Dickson used this 
operation for femoral hernia only. 

MeVay (1938 to 1941 ). — As a resxxlt of his anatomic dissections per- 
formed at NortliAvestern UniA'ersity Avith Anson (1938 to 1940), this 
author (1939) pointed out that Avhile practically all hernial repairs are 
based on the theory that the internal oblique and transversalis fibers 
normally insert into the inguinal ligament, this is not really true. He 
concluded: "The lOAvermost fibers of the internal oblique and trans- 
A'ersus abdominis muscles do not attach to the inguinal ligament, but 
insert into the fibrous covering of the pubic pecten, the ligamentum 


pAibicum superius (ligament of Cooper).” jMeVaj’- advised, therefore, 
suturing of the inferior aponeuroses of the transversAis abdominis and 
internal oblique to Cooper’s ligament. AVhile MeVay Avas not the first 
to describe this operation, most previous Avriters used it only in the 
repair of femoral hernias. JlcVay broadened its use and by a careful 
dissection of the inguinal region of over 300 cadavers, has placed the 
operation on a sound scientific basis. This is our reason for referring to 

the procedure as the MeVay herniotomy. _ 

Ooinard (1939 )- — This French Avriter used the technique for inguinal 
ias During the three years preceding his report he treated fifteen 
• 1 hernias, six of them recurrent, by suturing the conjoined fen- 

inguma ligament. Goinard called attention to the soliditj- of 

d^n to determined bj' palpation in the wound after the deep 

layer of sutur^ Im — The.se aufhoi-s also used the Lothei.sen 

JifcChire on ^ one-third of their series of ninety femoral 

type of repair m aooi 

hernias. 
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AmendoU (1941). —In an \mpnblished report, tMs author stated that 
he occasionally sutured the transversalis fascia to Cooper’s ligament for 
repair of inguinal hernias, 

Nmhoi (1942).— In a recently pnblislied report, this author made the 
same recommendation as Amendola (19^1) . 



FIr: 1 — Dissection of female peUls to sUovs Cooper* ligament in ca«e of femoral 
hernia (From SeeUg mtl Tuholske Surg , G\nec ^ Obst 18. 57. 1914 ) 


COOPDH’s UGV^vlENT (UGA^IFN'TUM PCBICUM SDPERIUS) 

Mg. 1 is taken from the article of Seelig and Tuholske (1914) and 
leprcscnts a special dissection nhich they made to coriect the previous 
lack of knowledge conceinuig Cooper's ligament. They stated, “It is 
ccpiaily unfortunate that probably the most impoitant structure utilized 
ill the closure of the femoial ring, namely, Cooper's ligament, is not 
only not pictured in any of the anatomies, but also is not adequately 
descrihocl m most of them ” Cooper’s ligament in as first de.seribed by 
Sir Astley Coopci (1804) when he cited the os pubis as being 
“coveied by a ligamentous o-spansion, ubicb forms a remarkably strong 
produetion above the liiioa iliopcethiea, cstendiiig from the tuberosity 
of the pubis outward, and projecting fiom the bone over that line ’’ 
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Seelig and Juliolske pointed out tlie inadequacy of even this classical 
definition. Briefiy, the fa.seial bundle at the upper edge of the ramus 
of the pubis is Cooper’s ligament. 

TECHNIQUE 

General Principles . — In general, we prefer not to do elective herniot- 
omies in the winter months,, but do not make this a hard and fast rule. 
Spinal anesthesia, silk technique with interrupted sutui’es throughout 
(except for inu'se-string sutures), skin preparation with 3.5 per cent 
iodine, and return to manual labor in from five to six weeks after opera- 
tion are elements in the iirocedure. The use of silk is justified by tlie 
fact that there was not a single instance in the entire series of 131 
j\reVay herniotomies in which any subcutaneous silk was extruded. 
The technique may be divided into ten steps. The time required for 
the operation is no greater than for a conventional repair. 

1. Exposure of llie cord and opening of the indirect sac. A skin in- 
cision is made from 1 cm. medial to the anterosuperior iliac spine to 
over the pubic spine exposing the external oblique aponeurosis. The 
external ring is exposed and the external oblique aponeurosis split in 
the direction of its fibers even with the upper border of the ring. This 
splitting is best begun 3 cm. from the ring with the knife. The split is 
then extended laterally and upward with scissors, and then more care- 
fully downward in the direction of the extenial ring after meticulously 
peeling away the ilio-iuguinal nerve which is often adherent to the 
under surface of the external oblique aponeurosis. When it is cut, this 
accident usually occurs near the external ring and may be prevented 
by approaching the latter from the lateral side. The cord and sur- 
rounding structures are then separated from the lower leaf of the ex- 
ternal oblique aponeurosis and Pouiiart’s ligament, then from the re- 
o-ion of the pubic spine and conjoined tendon so that finally the cord is 
freed entirely except at both ends. The indirect sac, which is always 
present even in normal individuals, is located upward and medialward 
from the internal ring and is then opened not only in indirect and com- 
bined types of hernias, but also in simple direct or femoral hernias. 

If the indirect sac is long it is bisected, after careful separation from 
the cord, near the internal ring. The distal segment is usually left un- 
r irbed and rarely causes trouble, but if easily separated, is removed. 

Th nroximal segment is grasped with Halsted clamps at points around 

the'ch-cumferenee of the internal ring. _ 

^ V Hon The large number of small femoral or direct hernias 

2. Exp ora^ indirect inguinal herniotomy is in many instances 

that “recur < inaccuracy of the diagnosis, rather than the in- 
testimony aga .Qgednre. It is indeed .surprising how few surgeons 

competency oi ^ ij^to the abdomen through an indirect sac for 

will place an in ex o femoral ring and Hesselbach’s triangle, 

purposes of explora 
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even thongh tlie sac lies open before tbem. "We believe that tbis is an 
essential feature of all herniotomy repairs. 

3. Hoguet maneuver. If a direct weakness or sac exists, we then 
transpose it laterally to the inferior epigastric vessels by the technique 
of Hoguet (1920), which has since been popularized by Pallis (1938). 
Thus, the direct and indirect sacs are converted into one. This step 
may be described in Hoguet ’s omi words, as follows, “By traction out- 
ward on the indirect sac, all of the peritoneum of the direct sac may 
be pulled external to the vessels and the two sacs converted into one. 
An indirect sac can always be found in these cases, although it may be 
very small.’’ The same procedure may be used to convert a femoral 
sac into an indirect sac, as used by ilcGlure and Pallis (1939). In 
some instances, all three sacs may be converted into a single indirect 
sac which can always be dealt %vith as described in Step 4. 

4. Internal purse-siring closure of indirect sac. The indirect sac, 
whether it be simple or enlarged by the conversion of direct and fem- 
oral sacs, is then closed with an internal purse-string suture of No. 5 
heavy silk, ilany bites are taken so as to include all crevices and the 
suture is placed with a round noneutting needle as high as possible. 

5. Plastic on the internal ring. TiTien the purse-string suture is cut 
and the peritoneum snaps back, the defect in the transversalis fascia 
at the internal ring is seen to be quite large in many instances. The 
fascia is grasped with Allis clamps at numerous points around the 
internal ring above and medially as far as the inferior epigastric ves- 
sels but not inferior to the cord and a second purse-string suture of 
heavy .silk placed in the transversalis fascia. This makes a snug fit 
around the cord. (The purse string itself does not surround the cord.) 

6. Relaxation of the internal oblique. The inner layer of the anterior 
rectus fascia is routinely split for a distance of about three inches from 
a point 11/2 cm. above the pubic spine upward and lateralward. This 
is done almost exactly as described by Eienhoif (1940) and as shown 
in Figs. 2 and 3. The external oblique is lifted up by the assistant and 
the internal oblique cut just lateral to the junction of the tw'o to form 
the linea alba. The rectus and pjTamidalis muscles are exposed. The 
iliohypogastric and adjoining nerves and vessels which enter the rectus 
muscle through the internal obligue aponeurosis at this point can be 
avoided easily. This relaxation allows the internal oblique and at- 
tached transx-ersalis faseias to be pulled down for the subsequent re- 
pair without tension. 

7”. McTay sutures. The “red’’ muscle of the internal oblique is en- 
tirely disregarded and even may be excised for convenience where it 
overlies the conjoined tendon. Usually it is elevated with a small re- 
tractor and the conjoined tendon located with a gauze (Kuttner) dis- 
sector. If the transversalis fascia alone appears strong enough, it 
alone is used for the upper leaf of the repair. If it is not adequate, 
one must go higher and inelude the internal oblique aponeurosis. In 
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Jio case, 
Cooper's 
ramus of 
until llie 
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tact Y'itli 


3lo^v•ever, slionJd “red" muscle be used. The lower leaf is 
tlfo^nubk ^”Ser is placed on the anterior 

foln It T crest 

t e spme of the pubis Since the finger is heltl in close con- 
the bone, keeping the vessels lateial, and the first stitch is 



Fig 2— Relaxation of the internal oblique plellmma^^ exposure AVe usuallj do 
the sep iration "sMth blunt dissection and then cut through the internal oblique aponcu- 
josis just lateial to where it joins the external oblique aiioneurosis to form the 

. _AI._ rTAUrt ilii-klw nnrrn «f rtn oMrt nflxm vtnwm <v<. i_ .. » _ . . , ^ m _ x 


josis just lateial to where it joins the external oblique aiioneurosis to form the 
hnea alba The ilioh\popa*5tric and othei ner\cs and ^e'!sels to be a\oldcd arc not 
sho«n in the abo^e illustiation (From Rienhoff Surgery 8- 333. 1040 ) 


placed medial to the finger, theie is little danger of damaging the 
vessels The fiist stitch, thus, is usuallj 4 cm. lateial to the pubic 
spine. Therefore, since the upper leaf is to be ginbbed rvith the sutuie 
first the needle goes through the tiansveisalis fascia a corresponding 
distance of about 4 cm from the pubic spine and then tlirough the 
+1 ■ 1 Cooper’s ligament on the upper bordci of the pubic lamus, Jocaf- 
. ligament by feeling the lione A\ith the needle. This stitch is 

t^ii'and the intervening gap between tins point and the pubic 
sp^ne closed with three or four similar sutures (see Fig. 4). These 
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sutures are a double strand of No. 5 heavy braided silk and are ap- 
plied on a round small curved Mayo needle nith a Bland needle holder. 
The double strands are tied three times and then separated and the 
individual strands tied in pairs. In certain cases, because of the pres- 
ence of a lymph gland or doubt as to the position of the vein, the 
sutures are carried out only about halfway from the pubic spine to 
the femoral vessels. This procedure, which we call a “partial hlc- 
Vay,” was done only once by 'the senior author (H. N. H.) but fifteen 


■ EXT. onnque ~ 
aponeuposls 




Rectus sheath 
; incised 


Cremacte 
muscle > ^ M 



Rectos' 
f ‘ Tnuscle 


, r 'PyramldaU 
* ' muDcio ' 




l^ot^parts lig 


Atrophied 
conjoined 
tendon _ 


^‘E 3 — Relaxation of the internal oblique remit (From Rienhoff Sopgept 8: 

331. 1910) 


times by another of us (D. B S ). In such cases, the transteisalis 
fascia lateral to the ilcVay closure is fastened to Ponpart’s ligament. 
Eveept for the one case cited abo\e, the senior author depends en- 
tirely on the plastic on the internal ring to close the latter, placing no 
deep sutures lateral to the IMcVay closure. 

8. Closure of the external ohlujuc aponcuiosis. In eiglity instances 
this was done lieneath the cord aftei the manner of the oiiginal Ilalsted 
procedure, while in the icmaniing fifty-one cases of hoinia the cord 
was dropped into the space left by the MeVay closuie and the external 
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f Ltemm -m T' ’* »"« 

tLo , Jr, • r f supertehl lajm. 

B^ini lry 11”'’““' MIcVay .na 

twy ^ moccclurca. At ,],„ aenior author did all casea by 
j ., tv h e during the past yeai- he has done all eases but one 

(h 1 et pfocediivc. There have been no reeurreiiees by 

t Jie latter metliod and one by tlic former. 

5. CTosurc of Scarjya’s fascia. Closure of Searpa’s fascia with small 
, ° o su lue seems more anatomic and leaves less silk than does 

•suture of the fa with large bites taken at random. The sutures are 
preferably placed so that the knot will be down. 



Fig 4 — Diagrammatic representation of McVay sutures We reflect the "red 
muscle" of the internal oblique upward and grasp the underljing trans\ersalis (in 
some cases inteinal oblique) aponeuroses for the upper leaf of the repair. We also 
do not break do^^n Hesselbach s triangle in most cases so that the femoral vessels 
aie not exposed as they are here m this illustration (From Stetten Ann Surs. 
78: 57. 1923 ) 

10. SLin closure. This is best done with interrupted silk and end-on 
mattress sutures should be used for at least the lower third of the in- 
cision inside the hairline. 

MATERIAL 

Usin" the modified JlcVay or SrcVay-Lotheisen technique described 
above we have repaired 131 groin hernias in 109 patients during the 
riod April 23, 1910; to August 31, 19-11. Since August, 1911, tlie 
• +UoT Tips used this technique for all eases, whereas previoush' 

• file neriod covered by this report only the larger heimas wei'c 
r I ted by the McVay method, a simple Bassini or original Hahsted 
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being used for tlie smaller hernias. Thus, to some extent, the eases 
analyzed below represent a selected group of difficult hernias and di- 
rect hei'nias. 

Sex . — ^The predominance of males in our series, as shomi in Table I, 
reflects the usual sex difference exaggerated by the industrial character 
of our clientele. 

Table I 


Sex 



KVMBEft OF PATXEKTS 

PF.KCEKTAGE 


Atale 

107 

9S 


remale 

2 

2 


Total 

109 

TOO 



Affc . — The yoimge.st patient was a boy, aged 7 years, while the olde-st 
was a man, aged 66 years. . The ages of over 80 per cent of the patients 
in the series fall in the third, fourth, and fifth decades, that is, the ages 
of greatest physical activity, between 21 and 50, as shown in Table II. 

Table II 


AGE 


AGE GROUP 

PECADK 

yUMBEK or HERNIAS 

pnncEXTArfE 

I to Ifl 

1 

1 

1 

11 to 20 

2 

.5 

4 

21 to 30 

3 

12 

0 

31 to 40 

4 

20 

20 

41 to 50 

3 

43 

.3.3 

51 to GO 

0 

41 

30 

61 to 70 

7 

3 

3 


Occupation . — The majority of the patients, as seen in Talfle III, were 
engaged in hard labor. Practically invariably patients with unilateral 
heririns returned to work in five weeks, and tlio.se with bilateral and 
recurrent, in six weeks after operation. 


Table III 
OCCUPATIOX 



XUMBF.n or PATIENTS 

PERCENTAGE 

Hard lalior 

S6 

79 

Sedentary 

2?t 

21 


8t(/c. — The ri"ht side was operated upon most often, as shown in 
Table IV, while in twenty-two instances a bilateral llcVay procedure 
was performed. This table refers to this type of operation only; in 
several instances other pi-oecdures were done on the other side which 
are not listed. In every such instance the ifeVay procedure was per- 
formed oil the side with the largest hernia. For tcehuical reasons a 
left-sided IMeVay operation is more difficult to perform than a similar 
oiieralion on the right side. 
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TAIlIiK IV 
Sun: 



KUjvriJnn ok katiexts 

I'ERCENTAGE 

Eiglit alone 

55 

50 

Left alone 

32 

29 

Bilateral 

- 22 

21 

Size of Hernia . — In 

the total list of 131 hernias. 

55 were listed as 

largo (sac 10 cm. or over in its longest diameter), 55 

as medium (sac 5 

to 10 cm.), and 21 as small (sac lc.ss than 5 cm.) (Table V). 


Table V 



Size of Hernial Sac 



NUMBER OF HERNIAS 

percentage 

Large 

55 

42 

ilcdiam 

55 

42 

Small 

21 

16 


Classification . — As seen in Table VI, the proportion of the various 
types of hernia represented is approximately that found in an average 
series. The one exception to this statement is the large number -of 
patients with direct inguinal weakness. This is partly because early 
ill the series, when the IMeVay procedure was still viewed somewhat as 
’an experimental trial, it was used especially for direct hernias. Later, 
however, it was used in all eases and during the past six months the 
senior author (H. N. H.) has used no other type of repair. Another 
reason for the large number of direct hernias is that with routine in- 
spection of llesselbaeh ’s triangle with the gloved index finger from 
inside, we detect a large number of direct weaknesses that would other- 
wise go unnoticed. 

*= Table YI 


Types of Hernia Kepresented 


CIASSIFICATION 

Simple inairect 

totoect^+ direct (saddlebag) 
Femoral + 

Femoral + saddlebag 
Sliding 

Eecurrent direct 
Tf.Bciirrent indirect_ 


NUMBER 


PERCENTAOE 


40 

34 

31 


1 

9 

9 


30 

2(! 

23 

4 


Rpp-iuse of increased surveillance of indu.slrial worker.s, 
uratmu.'-liecaus ^ Appro.ximately 50 per 

t of the hex ^ months of the onset of symptoms (Tal)lc 

; were liowevev, where a .short hi.story was claimed. 

In many 1 ‘ fomid, indicating a longer duration, 

mgenital ° paticnt.s (93, or 85 per cent) received .spinal 

Inesthesia.-'^^o^} of ^ ^ VIII. The better relaxation 

sthesia (spinocame) as 


HARKIKS ET AL. : SIC VAY HERNI0T05IY 


375 


Table ATI 


BOKATIOJv 



XUMBEE OF HERNIAS 

PERCENTAGE 

1 day to 1 week 

1 

1 

1 week to 1 month 

25 

19 

1 month to 6 months 

40 

31 

6 months to 1 rear 

12 

9 

1 year to 5 years 

23 

18 

Alore than 5 years 

21 

16 

Unknown or congenital 

9 

6 


produced by this method pei’mits a much more accurate anatomic dis- 
section. Its only disadvantage is that the tissues are so loose that one 
is tempted to imbricate more than the actual tension of the muscles after 
the cessation of anesthesia AviU permit. 

Table V^ni 
As'esthetic 



NUMBEP. OP PATIENTS 

PEKCEXTAGE 

Spinal 

93 

So 

Ethylene-ether 

12 

11 

Local 

4 

4 


Type of Operation . — As shown in Table IX, most of the hernias, 69 
in number, were treated by the Halsted I-McVay technique, and 46 by 
the Bassini-McYay technique (external oblique aponeurosis under or 
over the cord respectively). The senior author (H. N. H.) has switched 
over almost entirely to the Bassini-l^IcYay technique during the past 
year. Of the 16 partial JIcYay operations, only one was done by the 
senior author. 

Table IX 
Type of Opekatiox 



NUMBER OF HERNIAS 

PERCENTAGE 

Ba.«i.sini-3IcA'a3' 

46 

35 

Hal.cted I-McVav 

69 

53 

Partial Bassini-ilcVav 

5 

4 

Partial Halsted I-McVaj* 

11 

S 


FoUou--I'p . — This paper includes in no sense a complete follow-up 
and the lonprest period of obseiwation in anj' instance is twenty-one 
months. Only one recurrence was observed, occurring in a case oper- 
ated upon fourteen months before using a Ilalstcd I-McYay type of 
repair. This operation was done by one of the younger assistants. 
The recurrenee was in a sac. 2 cm. in diameter, occurring over the 
internal ring winch probably had not been made snug enough. Since 
in Fallis’ series of 800 hernias, the recurrence rate at the end of one 
year was already 4.2 per eent (de.spite the ultimate maximum of only 
8.0 pel- cent), this indicates that our .scries is at least no worse than 
other series witli a good result, llowever. we wish to draw no pre- 
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mature conclusions in this regard and a study of tlie recurrence rate 
is not the prime purpose of our report. 

Complications. As seen in Table X, wound infections and other local 
comjdicaf ions wei’e nonexistent, even using the strictest meaning of 
the terms. Tliis result is attributable, Ave belicA'e, to the use of silk in 
all cases including strangulated hernias. The senior author (H.N.IL) 
and his assistants haA'c t^erformed 360 groin herniotomies during the 
past two years, using sillc in every case, and in only one instance did 
buried sillc have to be pulled out of the Avound; this ease AA'as not a 
]\Ie\ ay operation and in it the extrusion of silk Avas completed in less 
than eight Aveeks and the hernia did not recur. The incidence of post- 
operatiAm pain Avas somcAvhat high, but Avas temporary in many in- 
stances and Avas no higher than in our other eases Avhere the McVay 
technique Avas not used. The factor of compensation may haA'e played 
a role in some cases. The one instance of .sAvelling of the ankle aroused 
some doubt as to the danger of compressing the femoral Amin. The 
extreme localization of the SAvelling to the ankle easts doubt on tliis 
fear as does the fact that in Fallis’ series of conventional herniotomies, 
phlebitis occurred in 0.18 per cent of the cases. SAvelling of the testicle 
also did not occur in an unusual number of our cases and tended to 
iniiirove. 

Table X 
Complications 



NUJIBER OF HERNIAS 

PERCENTAGE 

Hematomas, wound infections, silkosis 
Pulmonary complications 

0 

0 

0 

0 

Edema of ankle 

1 

1 

Swelling of testicle 

2 


PostoperatiA'e pain 

18 

14 

Recurrence 

1 

1 


SUMMARY AND CONCLUSIONS 

1 Based on the theory that the transversalis and internal oblique 
fibers do not normally attach themselves to Poupart’s, but rather to 
Cooper’s ligament’ a hernial repair has been utilized Avhieh attempts 
to restore the normal attachments to Cooper’s ligament. In this oper- 
ation termed the McVay herniotomy, no fascial layer is sutured to 
Poupart’s ligament. 

2 This technique has been used in the repair of 131 groin hernias 

. 1 tvnes in 109 patients during a sixteen-month period. While 
of scAmra are not yet complete, the results indicate that the 

the folioA '1 . tijeoretical adA-antages. To date only one rccur- 

procedure jjustmes us 

rence has been ^ of the main types of groin 

3. An identict p ^ direct inguinal, and femoral. The fact that 
hernias, indirect ‘ ’ i„jirued is another advantage of this method. 

only one technique need he 
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IS not llie prime purpose of our report. 

C'omp?m«<mmv.-As seen in Table X, wound infections and other local 
comphcalions were nonexistent, even using the strictest meaning of 
eiins. riiis result Js attributable, we believe, to the use of silk in 
a eases nicluding strangulated hernias. The senior author (H.N.II.) 

ns assistants have performed 360 groin herniotomies during the 
1 as VO jeais, using silk in every ease, and in only one instance did 
unec SI V laAe to be inilled out of the wound; this case was not a 
a c aj oiieiation and in it the extrusion of silk was completed in less 
an eig it weeks and the hernia did not recur. The incidence of post- 
opeiatne pain was somewhat high, but was temporary in many in- 
stances and was no higher than in our other cases where the McVay 
ec iiiique was not used. The factor of compensation may have played 
a role in some cases. The one instance of swelling of the ankle aroused 
some doubt as to the danger of eonipressing the femoral vein. The 
extreme localization of the swelling to the ankle easts doubt on this 
fear as does the fact that in Fallis’ series of conventional herniotomies, 
phlebitis occurred in 0.18 per cent of the cases. Swelling of the testicle 
also did not occur in an unusual number of our cases and tended to 
improve. 

Table X 


Complications 


NUMBER OF HERNIAS PERCENTAGE 

ilematomas, wound infectious, silkosis 

0 

0 

Pulmonary complications 

0 

0 

Edema of ankle 

1 

1 

Swelling of testicle 

2 

2 

Postoperative pain 

IS 

14 

Recurrence 

1 

1 


SUJIMARY AND CONCLUSIONS 


1. Based on the theory that the transversalis and internal oblique 
fibers do not normally attach themselves to Poiipart’s, but leather to 
Cooper’s ligament, a hernial repair has been utilized which attempts 
to restore the normal attachments to Cooper's ligament. In this oper- 
ation, termed the McVay herniotomy, no fascial layer is sutured to 
Poupart’s ligament. 


2 This technique has been used in the repair of 131 groin hernias 
of several types in 109 patients during a sixteen-month period. While 
the follow-up studies are not yet complete, the results indicate that the 
rocedure Justifies its theoretical advantage.s. To date only one recur- 
rence has been found. _ i ^ i, ^ , . • 

o A uipntieal procedure is used for all of the mam types of groin 
. . T. , iji^xiinal, direct inguinal, and femoral. The fact that 

hernias, indirec b ’ jg another advantage of this method, 

only one teclmique neeu 



LEMMER: CARCINOID TUMORS OF STOMACH 


379 


cinoid tumors at the Johns Hopkins Hospital, a total of twenty-nine 
cases. He concluded that they are not peculiar to any age group, since 
his youngest patient was 12 and the oldest 66 years of age. The average 
age was 35 years; however, he noted that carcinoid tumors of the ap- 
pendix appeared at an earlier age than those of the small intestine and 
colon. The stomach tumor ivas found in a man of 55 years. In his 
series, all of the carcinoids of the stomach and large intestine were 
malignant. The majoritj^ of those of the small intestine and appendix 
were benign. 



I! I 2l I 3l I 4l I si 'I’el- I 71 I 81 '91 > ijO 

Fig. 1. — Gross specimen of tumor (metric measurement). 


V. Pettinari' of Lombardi, Italy, reported the first successful removal 
of a carcinoid tumor of the stomach. This was in 1935. Ilis patient 
was a male, aged 47 years, who had had complete pyloric obstruction. 

Entwisel," in 1937, successfully removed multiple carcinoid tumors 
from the stomach of a young woman, 25 years of age. She complained 
of moderately severe abdominal pain accompanied by nausea, vomiting, 
and a massive hemat emesis. Blood transfusions and conservative treat- 
ment improved her condition .so that roentgenographic examination 
vas deemed safe; this revealed punched out areas suggestive of mul- 
tiple polyposis. Exploration revealed six firm tumoi’s of the gastric wall 
which were excised. Operation completely relieved the patient of her 
.symptoms. 

I’Asr, in;i*OKT 

Mr-.. A. II. \Mis 11 «liito woiniui, iifjisl U \car«, whose occupation was nur.sing. 
Her chief coniplaint was “ljlood\ stooN.” In IVIiruary, UlC.’i, slie coinplniiierl of 


CARCINOID TUaiORS OF THE STOMACH 


Kennetti E. Lemjier, M.D., j\Lidison, AVis. 

(From the Department of Surgery, University of Wisconsin, School of Medicine) 

C arcinoid tumors ^veve first described by Langhans, in 1867. He 
described a polypoid tumor involving the submucosa and musetilaris 
of the ileum vhich presented an alveolar and infiltrating structure, 
now clearlj'^ recognizable as that of the tj’’pical carcinoid.' In 1888, 
Lubarseh clearly distinguished between carcinoids and oz'dinaiy adeno- 
carcinoma. In 1904, Bunting noted the structural resemblance to basal 
cell carcinoma and in 1907, Oberndoi-fer employed the term “carci- 
noid.”' Gosset and JMasson first demonstrated the affinity of certain 
granules in the cytoplasm of the cells for silver salts and called these 
argentaffin cells and the tumor ar’gentaffinoma." 

This tj'pe of tumor is most frequently found in the appendix, less 
commonly in the intestine and colon, and infrequently in the stomach. 
Humphrys analyzed 152 eases of intestinal carcinoids and found that 
in 30 per cent the tumors were multiple; and, in addition, in 16 per 
cent there were metastases to the mesenteric lymph nodes.® In our 
series of thirty-one eases the tumors were located as shown in Table I. 


Table I 

Carcinoid Tu.vors 


LOCATION 


NUMBER 
OF CASES 


NUMBER 

MALIGNANT 


PER CENT 
malignant 


Appendi-v 
Small intestine 
Liver (metastatic) 
Stomach 


26 

3 

1 

1 


i.i 

66.7 

100.0 

0.0 


Totals 


31 


17.5 


The total malignancies were 17.5 per cent. This is in accorc wi i 
uitpliie’s figure of 20 per cent showing malignancy. 

Til 1939 Plant, ^ in reviewing the literature, was able to collect on y 
•up oases of carcinoid tumors of the stomach and of these only three 
clinical signs and symptoms which resulted in operation and 
One other, reported by AVallcy,= was discovered on gastio- 
totira..! sLcsafully .■emoved, Tl.a rcm.inins Ava « 
“Tetoorrera. adt.pa,-. He eepor.a one .addilion.al ca.,. found n, 

1 routine necropsy- 


•cinoid tumor 


routine ne i • clinical case of a ear 

In 1933, exploratory celiotomy was done and metastases 


of the stomach. .^vere found to be present. 1 

to the after surgery. Kaiford also reviewed all 


This patient 
of the ear- 


.”"1 f ”“" 


Presc-niY- 

Chicago, 


JlfCllnp of tlic Cvnlriil .Survival 


37S 
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The physical examination revealed a well-developed, well-nourished woman with 
prematurely white hair, sallow complexion, and some eridence of weight loss. 
Pertinent physical findings referred to the abdomen. There was a well-healed 
right rectus scar from the xiphoid to a point just below the umbilicus and a 
healed McBurney's incision. There was slight tenderness to deep palpation along 
the right costal margin, but there were no masses palpable. 

A diagnosis of recurrent peptic or marginal ulcer was made. 

Urinalysis was negative. Blood count showed hemoglobin, 9.4 Gm.; 4,910,000 
red blood cells; 6,250 white blood cells, uith a normal differential count. Gastric 
aspiration showed 33° total acid and no free acid. Blood chemistry was within 
normal limits. Gastrointestinal x-raj’S reiealed a normally functioning posterior 
gastroenterostomy with no evidence of a lesion in the stomach. 



Fig i . — SiUer stain o£ tumor (high poner, oil immersion). 

On .Tilly 8, 1941, an exploratory celiotomy uas done and a tumor about 0 cm. 
in diameter uas found adherent to the stomach lu the region of the cardia. A 
smaller tumor 1 cm. in diameter appe.ared iiithin the gastric iiall. Opposite the 
smaller tumor in the gastric mucosa uas a healed ulcer. The gastroenterostomy 
tuts taken down and a gastric resection done. The patient’s convalescence was 
complicated by the doiclopment of a bilateral bronchopneumonia and some diffi 
cully m gastric emptying. She was discharged after twentx one days in the hos- 
pital on her nineteenth postoperatixe day, completely relieved of her symptoms. 

firoii Deicnptw7i . — The specimen consisted of the stomach. Xcar the cardia was 
a small point of mucosa! thickening « ith a central depression. Directly beneath 
the mucosa at this point was a tumor nodule 1 cm. m diameter. This was fairlv 
finii and grajisli yellow in color. Adjacent to this was a well encapsul.sfed mass 
r X 6 5 cm. which on cut surface showed a grarish yellow color similar in ap- 

pi'urinice to the small nodule found in the stomach. 

Microscopic cvnmimUion showed numerous solid groups of cells, similar in ap 
pcarance but poorly outlined and nrranged in a fairly fibrous connective tissue 
stroma. The c\ tojdasm of thc«e cells was vacuolated. The iiucloi were barge, 
equal in s,re, and had a good complement of chromatin. Mitotic figures could be 
found, but they were not numerous. One section showed n short strip of gastric 
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fie\cro upper iiluloiniiiiil piini of ten days' duration. Tliis recurred at about si\ 
luoiith intervals until December, 1027, Mhen she had a .se\ere "astrre hemorrhage. 
In Jrarch, 1929, a gastroenterostomy %%as done by her local surgeon. She had a 
rather difficult recovery period arrd uas in the hospital tuenty-tuo dajs. The 
patient felt quite "well rrntil December, 1929, at whrch time she had another hem 
orrhage; since then she has had episodes of hemorrhage tuo or three times a year. 




t »niorrhaee occurred uliicli necessitated four blood trans 
3, 1941, a sor ere i epigastrium uhich umild fre 

Since then she ha • ^ patient had an appcndcctonij 

, fl»A Tlffllt .. 1 i_ 





REPORT ON 230 CASES OF SUBTOTAL GASTRIC RESECTION 
FOR PEPTIC ULCER 


G. GaYIX illLLER, M.D., iloXTREAL, CaXADA 


T his group of cases has heen operated upon by me mostly during the 
past five years, although I have advocated subtotal resection as a 
routine procedure for the past ten years, that is, since I rvas Professor 
Finister’s assistant in 1930 and 1931. 

These cases comprise all types of ulcers, simple, penetrating, per- 
forated, pyloric stenosis, gastric, duodenal, stomal, and jejunal ulcers, 
and those complicated with gross and massive hemorrhage. 

Seven deaths occurred, a mortalitj' of 3 per cent.® The largest eon- 
secutive series with no mortality was ninety-three, demonstrating the 
fallacy of mortality figures in small series. ■ 

This series includes all the cases of peptic ulcer I have received, 
except seven in which palliative procedures were earried out. Two 
patients whose ulcers had been perforated for more than twelve hours be- 
fore operation, received only simple closure of the idcer. Two with pyloric 
stenosis were treated with gastroenterostomy, one at the reqtiest of the 
referring physician, the other because of cardiac decompensation. In 
two cases of massive hemorrhage, one was treated by ligation of the 
bleeding vessel and the otlier by ligation of the pancreaticoduodenal 
vessel and gastroenterostomy. The final case had a gastric ulcer extend- 
ing from the esophagus to the p.vlorus and was considered an inoperable 
carcinoma until a biopsy specimen was reported to show only inflamma- 
tory tissue. 

The average duration of symptoms in this scries was eight years, the 
condition haring persisted in spite of medical treatment. Except for 
the eases of perforated ulcer, all eases had been referred for operation 
by a physician, or a physician's recommendation for surgical interr-cn- 
tion had been obtained. 

The seven patients who died were a\itopsied with the following results. 
1. Death occurred one month after operation from intestinal obstruc- 
tion. This patient had a penetrating ulcer and was drained. He was 
an elderly, emaciated man, who developed wound infection, the wound 
broke down and required .secondary sutures. The small bowels at- 
tached themselves to the sear, causing inte.stinal obstruction. Since 
then no patient has been drained unless drainage was especially 
indicated. 

2. Death occurred from a necrotic perforation of the duodenum, one 
inch distal to the inverted stump. This was probably caused bj’ the 
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mucosa wliich was sliarplj' domarcatect from the underlying' tumor. Sections stained 
with silver show the characteristic deposition of silver salts within the c^-toplasmic 
granules. A diagnosis of carcinoid tumor of tlic stomach i^as made. 

The histogenesis and pathologic picture of earcinoid tumors has been 
fully discussed by Gosset and Masson, Eaiford, Forbes, and others. It 
is generally agreed that this tj^pe of tumor arises from the chrome cells 
near the basement membrane of the ci'ypts of Lieberkiihn in the gas- 
trointestinal tract. It is interesting to note that the gastric hemor- 
rhage was® undoubtedly due to the ulcer opposite the smaller nodule. 
This case is presented to call attention to the occurrence of a fairly 
common type of tumor in an uncommon location. 
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One case was readmitted for investigation because of complaints of 
various residual symptoms. X-rays showed a normally functioning 
stoma, no free acid, hemoglobin of 90 per cent, and no occult blood in 
the stool. A psychiatric consultation made a diagnosis of anxiety 
neurosis. 

Another patient put in the improved class in this series, who had 
four previous stomach operations, complains of colitis but is able to 
work and his family phj'sician considers him cured. 

Another patient complains of nausea and pallor. He insists on 
dieting and will not eat anything which he believes at any time has 
produced sjouptoms. His hemoglobin fell to 60 per cent but rapidly 
rose to 84 per cent when be was given iron and liver therapy. 

The remainder of the seventeen we have classed as improved com- 
plain of vague symptoms, not similar to their ulcer symptoms, such as 
weakness, pallor, nausea, and loss of weight, but investigation by 
gastric analysis, and in some of them by gastroseopie examina- 
tion fail to disclose any new ulcer. 

The majority of patients do not gain weight very easily but are 
adequately nourished. I know of no more grateful patients than this 
group who have been resected for ulcer. 

It has been my experience, following this operation, that not infre- 
quently a few residual complaints remain for a few months, such as 
iiot flushes after drinking liquids, belching after meals, occasional 
nausea, and very occasional anemia. Some patients find it difficult to 
gain weight, although recently one came to me for a reducing diet. 
As time passes, however, these patients gradually lose the symptoms 
as the small stomach adapts itself to its new woi-k. 

A few further facts found in this series may be of interest. One 
hundred twenty-five cases were duodenal ulcers, fifty were gastric, 
seventeen pyloric, nineteen jejunal, and seven ivere doubtful from the 
operation note. Four patients had both gastric and duodenal ulcer. 
'I'hree of the gastric cases showed malignant change. In one of these 
the changes were imt noted in the sections but the patient developed 
bilateral Krukenburg’s tumors six months later. In this ease the base 
of a penetrating gastric ulcer was left in situ. 

Eleven of these cases were I'csections for perforated ulcers, with one 
death from pulmonary embolus (9 per cent mortality). It is my feel- 
ing that in early perforations, that is under twelve hours, a resection 
is technically feasible, it will prevent further recurrence of the ulcer 
with the, necessity of a second later operation, and will give a low mor- 
tality. The operation is, I must confess, more difficult than the usual 
ease, owing to the thickened inflammatory wall of the duodenum. I 
am not yet prepared to advocate this procedure for routine use. 

Our experience with early resection for gross and massive hemorrhage 
has been most encouraging. In the ten cases resected for ma.ssive heino'i-- 
rlmge. where immediate operation appeared indicated, we have had no 
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application of an Allis clamp at this point to facilitate the inturniiig 
of the duodenum. Since then a new clamp has been designed which 
Avill not damage the delicate wall of the duodenum, but even so, these 
clamps are not placed on the duodenum but on adjacent tissue to sup- 
port the duodenum during closure. 

3. Death was caused by leakage of the duodenal stump due to in- 
adequate closure. The patient had a penetrating ulcer of the duodenum 
which would not be removed, therefore the duodenum was eut through 
at the pylorus. In such a ease an exclusion operation is adAusable. 

4. Death was due to section of the common bile duct, causing bile 
peritonitis. In a large calloused penetrating duodenal ulcer of the 
duodenum the common duct was drawn into the mass and was cut 
and ligated without being seen. Careful exposure of the duct is essen- 
tial in such cases. 

5. Death was due to gangrene of the stump following an exclusion 
operation in a patient wdio had previously had a pyloroplasty and now 
had a penetrating ulcer wnth stenosis. In removing this mucosa the 
outer walls were damaged and left too thin, so that the blood supply 
was inadequate. 

6 and 7. Death was due in both of these cases to pulmonary em- 
bolus. We are now doing coagulograms on these patients and prolong- 
ing the bleeding time with coumarin. 

There wmuld appear little doiibt that the next series should show a 
lowered mortality. 

Of these 230 cases, attempts have been made to follow up the first 
200, the last 30 being too recent to be of interest. Altogether, 173 
cases have been followed, 110 by questionnaire and 63 by personal 


interview, that is, 85 per cent. Four patients have died since operation : 
one from tuberculosis, one from lymphosarcoma, one from Kruhen- 
berg’s tumors and liver metastases, and the other from cerebral 
hemorrhage. Autopsy on two of these showed no recurrence of the 
ulcer, one and three years postoperatively. The other two had re- 
mained free from symptoms up to the time of their death, one and six 


years postoperatively. 

Three patients have been operated upon since their gastrectomy 
and all three were found to have no new or recurrent ulceration. Two 
were opened for appendectomy and the opportunity was taken to ex- 
plore the abdomen. The third, in wdiom the presence of ulcer was 
definitely established at operation, M'as not improved by resecfmn ; 

• later a careful exploratory operation showed no ulcer pre.sent 
°”!iriomach duodenum, or je. 7 unum. 

in the s ‘ - „ocps followed, we can say that 90 per cent were 

Of the rema iaiproved. In this scries there has been no 

cured and i F Four cases arc freed from their stomncli 

proved case o jjpjg]j|j,ia,sis which gives some residual .sjanpfonis 

symptoms but ha^e c shows a normally functioning stoma 

at times. Eecheck of tv o o 

with no free acid. 



MILiLEE: SUBTOTAL GASTRIC EESECTION FOE PEPTIC ULCER 387 

oxon to each case, collect a urine specimen in fire hours, and then 
quantitatively estimate the amount of C by the use of the dye sodium 
dicMorophenol-indophenol. If the patient is deficient in C, Ave admin- 
ister the vitamin in sufficient quantity to change the reaction of the 
.urine to the dye, both pre- and postoperatively. 

Thus far we have studied 24 cases of peptic ulcer from this stand- 
point. In 18 cases of duodenal ulcer, 11 have been deficient and 7 
sufficient. In 4 eases of gastric ulcer, 2 have been deficient and 2 suffi- 
cient. In 2 stomal ulcers, both have been sufficient. However, one 
case of combined gastric and duodenal ulcer, and one case of com- 
bined stomal and duodenal ulcer, have both been deficient. These 
figures tend to show the importance of testing for vitamin nutrition, 
inasmuch as 54 per cent of the cases have a definite C deficiency. We 
believe that we have less infection and better Avound healing since 
the use of this test and the administration of Adtamin C, for there has 
been no delay in healing and no infection in any of the cases Avhich 
Avere closed Avithout drainage (23 of 24). 

It is interesting to folloAv up a series sueh as this. One is impressed 
by gratefulness of the patients, the freedom from visits to the doctor 
or hospital, their enjoyment of food, and I regret to say, too often of 
drink (alcoholic). Repeatedly patients have asked me Avhy they could 
not have had this operation years earlier. That is a question I cannot 
answer for, of course, many of them should have had it years earlier. 
The average physician still fears the high mortality and the high rate 
of recurrence of bygone years. I hope that this report Avill overcome 
this fear, and that the next decade will see fewer painful sufferers 
condemned to Sippy diets and alkaline powders Avhen cure can be 
offered them so easily. Our patients rarely spend more than Iavo Aveeks 
in the hospital and arc usually back at Avork after one month. 


ADDEXDUJI 

Since this paper was given two patients have been readmitted with gastro- 
intestinal hemorrhage, one, seven years, and one, one year after operation. 
Neither had any gastrointestinal symptoms, x-r.a.v showed no stomal ulcer, and 
Ijoth had free acid of IS and 20 after an alcohol test meal. Gastroscopic exami- 
nation revealed no ulcer. These cases may be considered as rceurrcnecs although 
they arc not proved. Both have recovered and have had no symptoms since. 
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deaths. By massive hemorrhage, I refer to tliose cases with persistent 
bleeding, collapse, falling blood pressure, and low hemoglobin. The 
large single hemorrhage, aecompjinied by fainting with prompt recov- 
ery, I classify as gross hemorrhage; these offer no unusual risk. This 
series consists of eighty-three cases with a previous history of gross or 
massive hemorrhage and no operative deaths. Peculiarly enough, we 
have found the penetrating ulcer the most serious of all, all of onr 
deaths falling into this group, except the two which resulted from 
pulmonary embolus. 

Our rule in the eases of massive hemorrhage, if the patient is under 
45 years of age, is to wait and see if the bleeding will not stop in the 
first forty-eight hours. Over 45 yeai's, we advocate almost immediate 
surgical intervention, as in this group the mortality, under medical 
regimen, will approximate 35 per cent. 

It has been mentioned already that no particular dietary regime has 
been ordered postoperatively. Eeseetion appears to be the operation 
with the best chance of curing an ulcer. A few points in the post- 
operative care may be mentioned. After the operation there is a tend- 
ency for fluids to pass rapidly out of the stomach into the jejunum. 
Thus, if the liquids be hot, or perhaps even very cold, they tend to 
cause a hot flush and a feeling of faintness to come over the patient 
during the early postoperative months. They should be warned about 
this and advised to eat solid food at the beginning of the meal. 

It has been found difficult in quite a few cases to obtain a gain in 
Aveight. The stomach for the first few months empties quickly and the 
food is not quite thoroughly digested and absorbed. Later the stomaeh 
holds the food longer. It is wise, therefore, for these patients to cat 
e.xtra, small meals between their regular meals and upon retiring. 
This failure of absorption is probably the cause of the secondary 
anemia Avhich is occasionally seen. For this reason our patients are 
advised to take iron and liver the first few months; this aAmids any 
tendency to anemia. Since the vitamin intake should also be adequate, 
we "ive extra Adtamins as a tonic. For the first six to nine months, 
some vague symptoms such as belching may be present, therefore, it is 
Avise to forcAvarn the patients .so they Avill not Avorry about the po.s- 
sible recurrence of their ulcer. 

About three months ago, Ave became interested m the preoperative 
of the vitamins in ulcer cases, especially A'itamin C, because 
relationship to susceptibility to infection and Avound healing, 
j / imnlifv the determinations, my resident has used the urine 
In order os yi^^amin 0 , since the amount of C excreted in the 
excretion es a, ministration of a large dose is proportional to the C 

urine atter ‘ ^ state of body saturation approache.s, the 

leAml in the ‘ j,gjjses and the quantity of C nece.ssnry to effect 
urinary excretion recovery in the urine is a .simple test for the 

saturation and a eq ‘ jljg patient. tVe use 150.0 mg. of red- 

state of vitamin C niitrii 
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death from recurrence in three months, does not commend this method 
of treatment, it seemed advisable to report this ease for two reasons. 
As yet, there are on record relatively few reports of eases in which the 
duodenum has been resected. A recent compilation published by Hunt^ 
shows a rapid progressive increase in the application of the operation 
and progress in its technical betterment. In all except our case, so far 
as M'e are able to ascertain, the operation has been performed for car- 
cinoma involving the duodenum. It is probable that the indications 
for the operation will be expanded to include not only the very rare 
resectable sarcomatous and inflammatory lesions but possiblj^ on a rai-e 
occasion some lesion such as a duodenal fistula associated with a much 
mutilated duodenum. 
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PEIMARY SARCOMA OF DUODENUM; RESECTION WITH 
HEAD OP PANCREAS BY ONE-STAGE WHIPPLE OPERATION 


J. Dewey Bisgard, M.D., and R. M. Cochran, M.D., Omaha, Neb. 


P RIMARY neoplasms of the small bowel are infrequent, malignant 
ones comparatively rare, and sarcomas of the duodenum very rare. 
All proved primary sarcomas of the duodenum reported in the liter- 
ature previous to 1935 were collected by Prey, Poster, and Dennis.^ 
They ■were able to assemble only sixty-one authentic cases and reported 
one of their own. Their report revealed a large predominance of 
lymphosarcomas. There was essentially an equal numerical distribu- 
tion of the other cell types, spindle cell or fibrosarcomas, myosarcomas, 
nielanosarcomas, and myxosarcomas. Although these tumors frequently 
attain considerable size, they do not as a rule cause obstruction of 
either the duodenum or common bile duet. They usually cause much 
pain, anorexia, and a rapid loss of weight and strengtli. Necrosis 
within the tumor is common and not infrequently this results in hem- 
orrhage or in perforation of the Avail of the duodenum Avith fistula 

formation. . 

The occasional relatively benign myosarcoma can often be excised 
Avithout sacrificing the duodenum. The other types of sarcomas are 
usually too diffusely disseminated for surgical extirpation. On a rare 
occasion, hoAvever, there may be sufficient circumscription of the tumor 
to Avarrant radical excision of the duodenum. This is also true of the 
still rarer inflammatory granulomas of the duodenum. Y^hat appearec 
to be an indication of this kind led to resection of the duodenum m 
the case Avhieh AVe are reporting. 


Tliici -oatient, a woman 42 years of age, was explored with the erroneous pre- 
erative diagnosis of cholec.y.stodnodcnal or choledochoduodenal fistii a. | 
opeiatn ® from the radiographic visualization of the common hile duct 

diagnosis was ^ the duodenum. Finding the wall of the first and 

«led -tl‘ ;-^/f;-XodernA much thickened by what appeared to be either 
second por i j,gppiastic infiltration, a biopsy was taken and examined mime 
inflammatoy J Because the pathologist made a provisional diagnosns 

diately in ,„ro„ic inflammation, and because the pathologic proco.s.s 

from this examination, , ,i„odcnum, the first and second portions 

app..,.a to "Sk. poollon o, .1,. io.,. ot O-ooroo, wore ...■ 

of the duodenum . performed in one stage; otherwise it was c.ssentin 

cised. The Whipple, Parsons, and Jrullin.s,c mr,. 
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quite impossible to locate accurately the pyloric ring. Host .surgeons 
recommend that the affected portion of the duodenum together Avith the 
ulcer should he excised under these circumstances, but everyone, I am 
sure, mho has carried out this procedure in a difSeult ease will admit 
that it is by no mean.s easy. The fibrous tissue may be so dense and 
thick that the duodenal mall may be difficult to recognize and even mhen 
resection has been successfully accomplished, the amount of duodenum 
left may be iusuffieient to obtain a safe closure otving to the proximity 
of the bile duct. The object in performing a pai'tial removal of the 
stomach for duodenal ulcer is the disappearance of the lesion and it 
mould seem Avise to accomplish this by the simplest and quickest method, 
provided the end results are satisfactory. It is not necessary to remove 
the ulcer, for if the gastric contents can be permanently prevented from 
coming in contact Avith the ulcer, it Avill heal. 

In carrying out the procedure Avhicli me recommend, the pyloric 
antrum is freed in the usual fashion down to and including the pyloric 
ring, or if this is difficult to recognize because of the intensity of the 
scarring, as far as the head of the pancreas. A single clamp is then ap- 
plied to the stomach about an inch and one-quarter from the pyloric 
ring and tlie stomach seA^ered by the cautery close to the distal side of 
t))e clamp mhieli, with tiie proximal portion of the stomach, is then 
laid aside. The free edge of the stump is then grasped by three forceps 
at .suitable intervals leaving the mucous membrane free, hoAveAW, and a 
sucker is introduced to cleanse the duodenum. The mucous membrane is 
then removed from the cuff as far domi as the pyloric ring, after the 
method of Bancroft. It is very easily detached until the pylorus is 
reached and if the A'essels on either side have been ligated right doAA-n to 
the ring it is likely that very little bleeding mill be encountered. The 
next maneuver is to invaginate the musculoperitoneal cuff into the 
duodenum and suture it there. To this end it is neeessaiy to determine 
the size of the opening into the duodenum and this may be estimated by 
means of the sucker apparatus or the insertion of an index finger. If 
the latter ean be passed readily and the induration about the Ailcer is 
moderate in amount, iuA-agination is quite a simple matter. The duo- 
denum is grasped just distal to the pylorus with three pairs of Allis 
forceps placed at equal distances, and while the duodenum is gently 
snpported by careful traction on these forceps, the operator, after ascer- 
taining the exact dii'cction for the inA-agiuation, take.s hold of one edge 
of the cuff with a plain forceps aud pushes it in as far as it mill go. 
Thou Avhile it is held there the central edge and finally the opposite 
corner arc dealt Avith sjjnilarly. If sneecs.sfut[y accomplished, the cuff 
AA'ill rcinaiii in position Avlien the forceps have heen removed and nothing 
remains to be done exeept to oversew Avith a double row of catgut suture 
ami tie in some of the adjacent pnsfrocolie ligament OA'or the suttire line. 
But if the opening into the dtiodenuin is small and associated with con- 



THE MANAGEMENT OF THE DUODENUM IN GASTEIC 
EESEGTION FOB DUODENAL ULCER 

George E. Wilson, M.D., Toronto, Canada 

A lthough a variety of surgical procedures has been advocated, 
from time to time, for the relief of duodenal ulcer, it is now gen- 
erally conceded that surgery should not be recommended except for veiy 
specific conditions. In order of their urgency these may be listed as 
acute perforation, massive gastric hemorrhage, duodenal stenosis, pene- 
trating ulcer and one ■which fails to respond to efficient medical care. 
Acute perforation maj'’ be dismissed because resection of the stomach or 
a gastroenterostomy is never warranted under sueh a circumstance, as 
there is no necessity whatever to unduly narrow the lumen in effecting 
the closure, hlassive hemorrhage, however, is in a different category 
inasmuch as there is a decided trend at the present time to do a resec- 
tion in these cases, especially in an individual v’ho has reached the age 
where arteriosclerosis makes spontaneous cessation of the bleeding less 
likely. Personally, I favor such a procedure provided one knows that a 
duodenal ulcer is actualty present and operates as soon as it is apparent 
that the patient is slipping in spite of adequate medical care. Using the 
technique hereinafter described, M'e have done, in the past two and one- 
half years, a partial gastrectomy in nine consecutive cases for massn^e 
duodenal hemorrhage and all recovered without further bleeding. This 
is admittedly a veiy small series but still significant. Duodenal obstruc- 
tion calls for some form of operative relief but there is considerable 
divei-sity of opinion as to whether a gastroenterostomy should be done 
or whether a partial gastrectomy is best. Unless the patient is wel^ 
bevond middle life, my preference is for the latter procedure. This may 
carry a slightly higher operative risk but the convalescence is mueh moie 
satisfactory and should be free from that very annoying, vicious circle 
vomiting which frequently follows a gastroenterostomy. And tbe eiic 

results are much more satisfactory. , . * , 

Wldle there are differences of opinion regarding the treatment o 
e r.prfnration massive gastric hemorrhage, and duodenal stenosis, 
acute p poneeded that a partial gastrectomy offers the best eliance 

itisgenerall conc^dect_t^ ease.s of penetrating ulcer. In this type of 

foi" a peima opc^rrence is an ulcer on the posterior wall of the 

lesion the duodenum which has eroded into the pancreas. Vary- 

first portion 0 ,re seen. In some there is little 

ing degrees o lumen, while in others .stenosis is 

or no interference ''I . £ portion of the duodenum is constant 

a marked feature. 'i- < ^ in diameter in which if m 
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OBSTRUCTIONS OP THE SECOND AND THIRD PORTIONS OP 

THE DUODENIBI 

A Report of Pive Cases 
1\L M. Zixxixger, 5I.D., Cixcixxatt, Ohio 

(From the Department of Surgery of the University of Cincinnati College of 
ZTedtctne and the Cincinnati General Boipital) 

W HILE obstruction of the second and third portions of the duo- 
denum is a well-recognized clinical and pathologic entity, it is suf- 
ficiently rare to occasion some comment. An experience with five eases 
during the past five years has brought to my attention some of the 
problems and difficulties experienced in the diagnosis and treatment of 
lesions in this portion of the gastrointestinal tract which may be of 
interest to others. The varieties of obstruction vhieh may be found at 
this level are well deseiibed in standard systems of surgerj’ and in spe- 
cial texts and vill not be reviewed here. The symptoms and signs are 
illustrated in the case repoits which follow and vill not be summarized. 
In most instances the clinician is dependent on the roentgenologist for 
the correct diagnosis, so to the latter must go the chief credit for recog- 
nizing obstruction at this level. It seems probable that many cases of 
partial obstruction are overlooked because of incomplete or inadequate 
roentgenologic study or improper interpretation. 

Case 1 — C F., a «liite male, To jears of age, admitted to tlie Holmes Hos 
pital, Aug. 11, Ifl.ST, because of persistent tonuting. Tlie on=et A\as sudden, fiNe 
dajs before, ^\ben bo suddenU began to tomit nitbout an% para or discomfort and 
nith rer> little n.aiisea. Tlie p.itient attributed tlie trouble to liaving eaten too 
imieli at a banquet two nights preiiously He continued to lomit small amounts 
froqiientl} and tould retain nothing by mouth. After tl\e dajs he was sent to 
Cincinnati from Ins home in Kentiickr. After decompres'-ing his stomach In con- 
tinuous ga'.tric suction, a small amount of barium was given In mouth which ap 
parentlj met a complete obstruction at the duodenojejunal junction (see Fig. 1). 
Several dnjs later, after proper hjdration, he was operated upon, .and a curious 
comlition was found. The jejunum was adherent bj fairly recent adhesions along 
Its antimesentene border to the me=entcr\ of the mid ileum. Tlim nic«enterj ■wa.s 
very long, and had undergone a torsion of approvimatclj 1S0°. Wliile this partial 
1 oh ulus of the ileum had not produced strangulation or obstruction at this level. 
It had ro twisted the jejunum at Treitr’s ligament as to produce a complete occlu- 
sion at th.il point. This was rcadih relieved bv iratvvistrag the volvulus, freeing 
the adherent jejunal loop, and pcntonealinng the raw surfaces. Recovery was 
rapid and uncomplicated. 

Comment — The prooperative diagnosis of the etiologv- of the obstruc- 
tion was obscure. Simple obstruction at this level is certainly uncom- 
mon. A right inguinal herntoplnsly had been performed elsewhere six 

ra,.orrii"'K!t.‘'‘j''and d Association. Clil- 
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sidei'able iuduration this procedure must be modified by splitting the 
cuflC. Since tlie penetrating ulcer is never on the anterior surface of the 
duodenum, the anterior portion of the cuff is selected for the incision, 
■which runs parallel to tlie long axis of the cuff and should go far enough 
to divide both the pylorus and the constricting ring. "When the split 
edges of the cuff are retracted it is converted into a triangle near the 
apex of which may be seen the musculature of the pylorus bulging into 
the lumen, and just beyond this, the penetrating ulcer. It will then 
be found that a finger can easily be passed into the duodenum. A purse- 
string suture is best in this ease because the central portion can be 
pulled out in a loop and the duodenum steadied between this and the 
free ends. Before putting in the suture it is advisable to mobilize the 
second portion of the duodenum on its outer surface so that it will he 
free to be pulled readilj’- toward the panereas when the iiurse string 
is being tightened. The suture should commence on the outer surface 
of the duodenum about one-rpiarter of an inch away from and a little 
below the apex of the split. It should then pass around the duodenum 
to the spot corresponding to the point of entrance. When the posterior 
sui’face of the duodenum is reached, care must be taken not to go too 
close to the panereas because of the danger of opening into the ulcer. 
The central portion of the purse string is then pulled out as a traction 
loop, and while an assistant steadies the duodenum witli the suture, the 
upper angle of the etiff is grasped by a pair of smooth forceps and passed 
into the duodenum as far as it wdll go. If there is a strong tendency for 
it to come out, it should be held in place b3' a suture. The central and 
finall3" the lower angle are similarfv dealt with and the purse string is 
tightened. A second suture is then inserted and a piece of adjacent gastro- 
colic ligament pulled over the suture line and held in place by tying the 
ends of the last suture over it. 

COMMENT 


A new method of dealing with pathologic conditions of the first por- 
tion of the duodenum is described, which wm think lowers the mor- 
tality rate, saves a great deal of time, and is eminently safe. Although 
we have not had sufficient experience to speak dogmatically, we feel 
. t it is the method of choice in resection for massive duodenal liemor- 
rln-e inasmuch as the muscular layer of the invaginated portion as it 
• ° -Tiot the ulcer acts as an efficient muscle graft, and ils hlood- 
T:thS P^pertirLay be further enhanced by pressure oblaincd by 
X-owing the lumen of the duodenum hy suture. 



OBSTRUCTIONS OP THE SECOND AND THIRD PORTIONS OP 

THE DUODENUM 

A Report of Pive Cases 
11. 1L Zt>:>'ikgeb, M.D., Ci-sgiskati, Ohio 

(From the Department of Surgery of the Vnirersity of Cincinnati College of 
Medicine and the Cincinnati General Hospital) 

W HILE obstruction of the second and third portions of the duo- 
denum is a well-recognized clinical and pathologic entitr, it is suf- 
fieientlj' I'are to occasion some comment. An experience with five cases 
during the past five years has brought to my attention some of the 
problems and difficulties experienced in the diagnosis and treatment of 
lesions in this portion of the gastrointestinal tract which may be of 
interest to others. The varieties of obstruction which may be found at 
this level are well described in standard systems of svirgeiy and in spe- 
cial texts and will not be reviewed here. The .symptoms and signs are 
illustrated in the case reports which follow and will not be summarized. 
In most instances the clinician is dependent on the roentgenologist for 
the correct diagnosis, so to the latter must go the chief credit for recog- 
nizing obstruction at this level. It seems probable that many eases of 
partial obstruction arc overlooked because of incomplete or inadequate 
roentgenologic study or improper interpretation. 

Cask 1. — C. P., a vrliite male, 7S years of age, wa.s ntlmitteil to tlie Holmes Hos- 
pital, iVug. 11, 19?,7, because of persisteut vonriting. Tlie onset was sudden, five 
days before, wlien be suddenly bcgjin to vomit witliout any pain or discomfort and 
with very little nausea. The patient attributed the trouble to having eaten too 
much at a bamiuet two nights previously. He continued to vomit small amounts 
frequently and could retain nothing by mouth. .Vfter five days he was sent to 
Cincinnati from his home in Ivcntucky. After deeompres.fing his stomach by con- 
tinuous gastric stiction, a small amount of barium was given by mouth which ap- 
parently met a complete obstruction at the duodenojejunal junction (see Fig. 1). 
.'^vera! days later, after proper hytlration, he w:is operated upon, and a curious 
condition was found. The jejunum was adherent by fairly recent adhesions along 
its antimcsenleric border to the mesentery of the mid-ileum. This mesentery wa.s 
very long, timl hail undergone a torsion of approximately 180°. IMiile this partial 
volvulus of the ileum had not produced strangulation or ob.=truction at this level, 
it had so twisted the jejunum at Treita’s ligament as to produce a complete occlu- 
sion at that point. This was readily relieved by untwisting the volvulus, freeiug 
the adherent jejunal loop, and iNjritoncalizing the raw surfaces. Rccovcn- was 
rapid and uncomplicated. 

Comment.— The preopofative diagnosis of the etiology of the obstruc- 
tion was obscure. Simple ob.slnictittti til this level is certainly uncom- 
mon. A right inguinal horniopln.sty had been performed elsewhere six 

,aK»rni'rK!.,"''"anfr2S?'ls<?.""''* A-isociallon. Chi- 
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sideiable iiidiii’tatiou this procedure must be modified by splitting the 
cuff. Since the penetrating ulcer is never on the anterior surface of the 
duodenum, the anterior portion of the cuff is selected for the incision, 
ubicb runs jiarallel to the long axis of the cuff and should go far enough 
to divide both the pylorus and the eonsti’icting ring. 'When tlie split 
edges of the cuff are retracted it is converted into a tiuangle near the 
apex of vhieh may be seen the musculature of the pylorus bulging into 
the lumen, and .fust beyond this, the penetrating ulcei’. It ■will then 
be found that a finger can easily be passed into the duodenum. A purse- 
string suture is best in this ease because the central portion can he 
pulled out in a loop and the duodenum steadied between this and the 
free ends. Before putting in the suture it is advisable to mobilize the 
second portion of the duodenum on its outer surface so that it will he 
free to be pulled readily fo'ward the pancreas when the purse string 
is being tightened. The suture should commence on the outer surface 
of the duodenum about one-quarter of an inch away from and a little 
below the apex of the split. It should then pass around the duodenum 
to the spot corresponding to the point of entrance. 'Wlien the posterior 
surface of the duodenum is reached, care must be taken not to go too 
close to the pancreas because of the danger of opening into the ulcer. 
The central portion of the purse string is tlien pulled out as a traction 
loop, and while an assistant steadies the duodenum with the suture, the 
upper angle of the cuff is grasped by a pair of smooth forceps and passed 
into the duodenum as far as it will go. If there is a strong tendency for 
it to come out, it should be held in place by a suture. The central and 
finally the lower angle are similaily dealt with and the pui’se string is 
tightened. A second suture is then inserted and a piece of adjacent gastro- 
colic ligament prdled over the suture line and lield in idace b.v t.ving the 
ends of the last sutui-e over it. 

COJfJIEXT 

A new method of dealing with pathologic conditions of the first por- 
tion of the duodenum is described, which we think lowers the mor- 
tilitv rate, saves a great deal of time, and is eminently safe. Although 
we have not had sufficient ex]>erience to speak dogmatically, we feel 
that it is the method of choice in resection for massive duodenal hemor- 
vhl<re inasmuch as the muscular layer of the invaginated portion as it 
)• mainst the rdcer acts as an efficient muscle graft, and its blood- 
Ttlbw properties may be further enhanced by pressure obtained by 
narrowing the lumen of the duodenum by suture. 
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duodenum. Fluoroscopically, "barium could be followed to the junction of the 
second and third portions of the duodenum. Beverse peristalsis then occurred and 
most of the material regurgitated into the stomach. A diagnosis of chronic duo- 
denal obstruction was made, probably due to compression of the duodenum by the 
superior mesenteric vessels. After treatment for several months by diet, posture, 
abdominal massage, and antispasmotie drugs, without relief, siie was oj^erated upon. 
At operation (Kg. 2) tiie first and second portions of the duodenum were found 
to he dilated, the tliird portion contracted. Partial obstruction was due to the pull 
of the superior mesenteric vessels compressing the duodenum against the vertebral 
column. An antiperistaltic duodenojejunostomy was done easily. She ceased vomit- 
ing immediately and within six months had gained thirty pounds. 



Fm. (C.T.if 2) — Flnillni:.<! at operation ."sliowinc dilatation of .'econd portion of 
lUiodimum and partial otistniction caused by pull of superior mesenteric vessels. 


Slip has not remained entirely well, however. In .Ttimitiry, U'r.b, an ovarian evst 
uas removed. Following this operation she began having oeeasional attaehs of 
'omiting. In October, Ihr.O, she was in the hospital for Raynaud's sj-ndrome in 
liolli upper extremities. She a!.«o Imd a .severe cystitis during thi.s period. I did 
not see her again for several years, hut she eamo umler my observation agtiin in tlic 
.summer of IPll, enmidaining of epigtistric pain and oeea.sional vomiting. She 
Weighed about lUO pounds at tliis time. X-ray showed a very atonic stomaeb low- 
in the pelvis with the pylorus high. The barium left the stomach throngli the pylorus 
only when inished up by the ham! of the ro<>ntgenologist or when the jiritient was 
turned on the right side. There was no cviiienec of any ulcer, and the roentgen- 
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moiitlis before, but tliis could not be elearl.y related to the obstruction. 
No adhesions ■were found except those described above. 

Case 2. T. D., u wlute female, .S2 years of ago, uas admitted to the Cincinnati 
Genoial Hospital in ^tarcli, 1937, complaining of loss of neiglit and vomiting. At 
the age of 20 slie had an attack of acute ajipendicitis, was operated upon, and nas 
well for tvo years. At the age of 22 years, she was operated upon for hemorrhoids 
and rectal fissure and has had no rectal tiouble since then. Immediately following 
this operation she began having epigastric pain after meals. This came on imme 
diately after eating, lasted fifteen minutes to several hours, and nas relieved h}’ 
vomiting. For ten years she had vomited after every meal, and often after taking 



„ _ 1 rcnsp 11 X-ray showing marked dilatation of flist and second poi 

duiSe^iium, and obsti notion ot third portion. The barium in the colon remains 
barium enema. 


tlons of 
from n 


nlv tvater She believed that slie loimtcd only part of \\Iiat nas eaten, and there 
Ire ate a'aain shortly after a vomiting attack. Eight years previously, at the age 
r L vears she nas again operated upon and uas told the uterus «as lemoied 
i”^ the hovel vas adherent to it. At the age of 29 years, she developed gallstone 
becaus , Cholecjstectoniy vas done at the Cincinnati General Hospital for 

colic vitli J 'fones. According to the record, careful exploration at this time 

cholecystitis va persistent vomiting. Ecmoral of the gall bladder 

shoved no ‘ xonuting and epigastric pain persisted. At the time 

stopped the ga s previously, she Imd neighed 135 pounds. Folloiyng 

of appendectomy tve neighed 180 pounds, tno jears later, ll'hcn 

the operation she she lost neight until at the time of this admission 

the persistent vomiting ' slioned a marked saclike dilatation of the 

weighed 85 pounds. The 
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time ^vas 2900 c.e., tlie average amount 1000 c.e. X-ray on Feb. 13, 1939 (Fig. 3), 
showed the stomach to be dilated and atonic. The duodenal cap was defonned with 
a large ulcer niche in the central portion. The duodenum was marhedly dilated in 
the first, second, and part of the third portion and presented active forward and 
reverse peristalsis and fibrillary movements. Abrupt narrowing of the caliber of 
the duodenum occurred at about the mid-point of the transverse portion. In the 
erect position no barium passed beyond this area. In the recumbent position, a 
thin stream of barium passed at intervals. At twenty -four hours no barium was 
found in the stomach. A diagnosis was made of duodenal ulcer and obstruction of 
the duodenum in the third portion probably due to pre.“sure from without. Pain 
and gastric retention continued and on Feb. 25, 1939, operation was performed. 
A large duodenal ulcer w ith considerable scarring was found though the pylorus was 
patent. The stomach was very' large. The first and second portions of the duodenum 
were very much dilated and there was marked obstruction of the transverse portion 
where the mesenteric vessels constricted it. About two-thirds of the stomach was 
resected, and a posterior Polya anastomosis done. On account of the marked 
obstruction in the third portion of the duodenum, a duodenojejunostomy was done 
to allow the bile and pancreatic juice free access to tlie jejunum. Tlic patient had 
a smootli postoperative course. X-rays in March, and in September, 1939 (Fig. 4), 
show well- functioning stomas. He was last seen in the outpatient clinic in Xovem- 
ber, 1939, at which time he was very well and had gained fifteen pounds in weight. 
Verbal report in June, 1940, stated tliat he was free of gastric complaints. 



Fim t tc.isc 3) — x-ray taken in M.arch. 1S3S. a few weck.-^ after oi).TatUin. .■-liowmK 

fimclioji of slomat,. 

Commnif . — TJiis patient showed tremendous ga.stric retention witich 
was apparently due to obstruction in the tliird portion of the duodenum 
r.iflier than at tiic pylorus, hi spite of the fact tiiat a large duodenal 
nleet was present just beyoiul the pylorus. The method of origin and 
development of tiiis nhstnietiou is obscure. Vomiting during the la.st 
attack had been present for only a very short time. Uelationship he- 
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ologist beh’evocl tlio epigastric pain rvas due to tlie pull of the low-lying stomach on 
the pylorus. The dnoclonum was normal in size, and when barium entered it pro- 
gressed rapidly through into the jejunum by way of the stoma. By insisting upon 
her lying on her right side after meals, and lavaging her stomach once a day for 
several weeks to allow the dilated stomach to contract, the symptoms improved 
markedly. She gained twentj'-flvc pounds in several months and then went on a 
reducing diet because she could not get into any of her clothes. Wien last seen 
early in January, 3942, she was feeling well, and there was no vomiting. 

Comment . — This case evidently belongs to a gi'onp of chronic duodenal 
obstructions in which tlie meclianism of production is not clear. There 
is considerable difference of opinion as to how these patients should he 
treated. If any operative treatment is to be used, and it seems to he 
desirable to use it only in those cases of liigh-grade obstruction, the 
only rational procedure seems to be that used here. Many similar cases 
have been described in wliich the immediate result of the operation 
seemed to be satisfactory, but later the old symptoms all recurred. In 
this particular instance I believe that we have liclped tlie patient con- 
siderablj’’ by the procedure used. 





„ /r*no(. A, Anteroposterior x-ray showins dilated stomach with ulcer niche 

Pig. 3 duodenal cap. B, llatoral view showing dilated duodenum. 


3.— O. C., a. white male, .aged 30 year.s, w.as admitted to the Cincinnati 
TTccmital Jan. 29, 1939, beeause of homtUomosis and abdominal pain. The 
stavtcd one week before with epigastric pain. Vomiting began 
«' >•")- .'.-I. o.„ a., Ti« 

two Jay , . was a large hcmafeme&is followed by Io.bs of conscions 

morning 0 . ^ brought to the hospifai in a state of shock. In the pn-st 

ness, and f '® P patient had had symptoms of duodenal ulcer for 

history it ° -nning when he was seventeen years old with episodes of pain 

thirteen years, egi months, each lasting from one to three weeks. On 

and vomiting ® (.csurc was SS/GO, lowest red Mood count .3.40 million, and 

g^gmission the Wood f r - rent. The Iilcedinir anharentp' eoa.“ed 


admiasioo ^-^trocen 38 P*’"' bleeding apparently eoa.»ed 

highest blood urea ni .^ogiiting persisted. T'reqnent gastric e.vprcs.-ion was 

shortly after recovered. Tlie largest amount obtained nt one 

used, from ISO to -oh 
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probaW> due to estrinsie factors, most likely anomalous ies‘-ol‘=, according to the 
roentgenologist. Active peristalsis iias observed in the duodenum Films taken at 
one, tiio, and four hours shoiied the same picture with no progress of the barium. 



Fiu G (Cass t) — Operatiie finilings showinn niaikcU OUatatlon of the duodenum 
nroximiil to the sup<rlor mestnteiic vessels, regional Jejimltis, and constriction of the 
h Junuin, Mitii inlirgid mesenteric glands 

.\ftcr hjdration and repnted gastrn expression the patient tins operated upon, 
Mai 17, I'lU Marked ilihitation of the duodenum \\ \s found up to the point where 
the nu'senteru vessels irossid the tr.insverse portion In addition, a petiiliir ton 
striotioii of the first ci};htcen to tiieiitv iiKhc*s of the jijnnum with marked thicken 
ing of the M.ill, was notid. The me'enterii glands to this segment of bowel were 
greith enlarged (Fig ll) No other almnrmalitv was discovered in the alidonien 
The ihnnge in the bowel suggishd i rigioiial jejiinitis, hot on aeiount of the 
I vti nl of the h 'ion, i sik-i lallv the proxinul pvtent lievond the ligament of Trcitr, 
a risirtmn was imi'i/lired too liirirdoiis fur this pitient in his dtphted state .\e 
lordingU an anti(« rist iltie dimdi nojejimostomv w is done helween the dilated part 
of the duo>hmitii and the jejunum distil to the invidud bowel One i nhrged 
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tween the ulcer and tlie obstruction does not seem to me to have been 
established. Some of you may think that the duodenojejunostomy was 
not necessar.y. However, the roentgenologic and operative findings in- 
dicated such a high-grade obstruction that it seemed advisable to me to 
perform it. 



FiS. 5 (Case 4). — X-ray showing marked dilatation of duodenum. 

Case 4.— L. H-, a vl.ito male, aged 20 yea.s, employee of a coal 
West Viiginia was admitted to the Holmes Hospital, May 12, 1941,^ ' and 

Vnptis loss of weight, and vomiting. He fust noticed loss of appe i • 
of weakness los S ^ nine to ten months V^ovwn^- 

" r 1 of btl ned by eructation of gas and vomiting of greenish, b.tte 

mf ondit or‘™lualb^rew worse until he vomited la.ge quantities of fluid 
fluid. T le c '^bout two hours after the evening meal. In February, • > 

nearly the right inguinal region was removed and a diag- 

a large glan , , ' i-oma or early Hodgkin’s disease was made. On arrivn . 

nosis of malignan ^ dehvdratcd, and the skin was deeply pigmented. T lerc 

Cincinnati he was ,p,een were not enlarged; the blood 

,,as moderate ^ The night of admi.ssion 2 U. of fluid was 

was normal except for • sOO to 100 

Gained from the X-ray May 14. 1011 (Fig. 5 ), phoned 

e.c. were aspirated at each gastr .i„,ted and filled with fluid. 

the esophagus normal, . <.„cd through a normal pylorus. The duo< e 

barium could be_eas.b ;M>r ,i„„,h.mim we. 


could be r «:ir.l ^^Hion ^f the duodenum we. 

Lb, the second portmnju third portion. 

i-opieadously dilated. 
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grew worse witli every dietary indiscretion or whenever he drank alcoholic beverages. 
More recent s-rays showed deforniity of the duodenal cap suggestive of ulcer. The 
pain seemed to arise in the right costovertebral angle and radiate around to the 
riglit upper abdomen. He seemed to be making no improvement, and operation 
had been recommended by his pUjsician. On Heb. 21, 1911, a. laparotomy nas done. 
The diverticulum of the stomacli could not be located, though probably it lay in 
betnecn peritoneal folds and surrounded by fat. There was no aetbe duodenal 
ulcer present, though there was an insignificant sear, possibly of a healed ulcer. 
The head and body of the pancreas were noted, as being firmer than normal. A 
pjloroplasty nas done after incision of the duodenum was made to rule out an 
ulcer on the posterior nail. An appendix surrounded hy adliesions nas removed. 
Postoperative convalescence uas smooth and he nas discharged March 9, 19-11, ap- 
parently well. 



I'!k S (Case ",■) — I)ra^\inK of csclscil Rpcclmcn , tlif ulcer in the center probablj rep- 
resents the cislty Mhich rcscmbictl a UKertlculum In the roentgenogram 


lie lias readmitted March 2.'). 19J1. because of rccurrcnec of symptoms shortly 
after returning home. In addition to the pain, he non had occasional nausea and 
Mimiliiig t'horth after he entered the hospital an old unnarj infection became rc- 
actnaleil and moderate feter dcicloi>ed. On March .'ll, 1911, barium uas instilled 
into the vtiiall boiicl by means of a duodenal tube This spoiled normal position 
of nil loops, normal inovilitj, and normal outlines except in the third jiortion of 
the duodenum iihere there nas noted n slight eniistriction and n eoiist.antjy filled, 
irregular ia\it\ aliniit I't. tm in duimeier ulueh Has interpreted as a dncrticulum 
fl'ig T). lluntig tills period the pain m the bach beoaiue more intense, and vomit- 
ing increased. «o tliat on April 12, IPU, operation was iierforme-l again. At this 
tiiuo a iirge, firm, annular nri's found eonstrieting the third portion of the 
duotkiimii. Tilts was resected with pome difiuulty due to its location bctiiecn the 



400 


SURGHBY 


gland was removed and subsequent microscopic study showed only moderate hyper- 
plasia both of lymphocytes and endothelial cells. The patient had a somewhat 
stormy postoperative course. He develojred pulmonary atelectasis with high fever. 
Sulfathiazole was given in therapeutic doses, and he recovered without the develop- 
ment of a frank pneumonia. He left the hospital, June 4, 1941, the eighteenth 
postoperative day, apparently well. A report from his local physician in Novem- 
ber, 1941, states that, he is apparently quite well, eats what he likes, has gained 
weight and is vvorking ev'ery day. 


Comment. — Hei-e again the reason for the dev^elopment of the ob- 
struction at tile site where the mesenteric vessels cross tiie transverse 
portion of the duodenum is obscure. Could it be due to loss of iveight 
and changes in intra-abdominal relations? Another factor was present 
here also, namelj", the regional jejunitis. The question arises vvdiether 
the sulfathiazole used in treating the pulmonary condition may not have 
e.xerted a beneficial influence on the lesion of the bowel. 



_ .. -v-rav of barium instilled into .sni.all bowel IhroiiRb duod 

Fig. 7 (Case 1 d'llatation of first and second portions of ‘'‘'“‘'tfl.VJ.'' ' tIi s 

tube showing moderate constriction on <;och side. T b' 

third portion shows a thioughout duoroscoplc examination and w.is ripar 

central area remaineu s 

Sladiverticulum. 


m w s white male, 47 years of age, was admitted to the Ifolincs I os- 
Case 5.— T. K., ’rjncipal complaints were nenotisness, weakness, nisommi, 

tal, Heh. 4, 1941- P abdomen. Two years previously lie Iiiid imd an ntine 
id paiu ih ‘ . vg A tentative diagnosis of duodenal uleer wns nia< e. 

• hematemesis and ]„,er .sliovwd a small diverliculmn of llie «tonineh 

.rav studies made some ro ,,e improved, but 

, the lesser curvature ne.ar 


THE USE OP SULFONAillDES IN THE TEEAT3IENT OF 
COilPOUND FRACTURES 

C. Leslie SIitghell, M.D., Detroit, SIich. 

S INCE the introduction of the sulfonamides, hope has been entertained 
by many that by their use the incidence of infection in accidental 
wounds could be materially lessened. With few exceptions the oral 
administration of the sulfonamide group proved disappointing in the 
control of infection in compound fractures and its use was discontinued 
1)y most surgeons. The advantages of local implantation of powdered 
.sulfanilamide in the wound was fir.st brought to our attention by Jen- 
sen, Johnsrud, and Nelson, in 1939. They demonstrated, both clinically 
and experimentally, that the incidence of infection in contaminated 
wounds could be reduced materially by the introduction of .sulfanilamide 
powder in the wound. They again emphasized the fact that the .sul- 
fonamides were a bacteriostatic and not a bactericidal agent and that 
in order to control infection in contaminated wounds it was necessary 
to have a higher concentration of the drug locally than could be ob- 
tained by oral administration. The local implantation of the drug in 
amounts of from 5 to 15 Gm. resulted in concentrations as high as 800 
mg. per cent, which they felt was the factor in combating the infection 
locally. 

Following this report a large number of articles appeared in the 
literature relative to the merits or demerits of this method of treatment 
in clinical eases. By far the majority of surgeons reporting on this 
were enthusiastic over the results obtained, although very few carried 
out or reported a control .series. It is a difficult ta.sk to evaluate re.sults 
accurately in the treatment of compound fractures unle.ss we know all 
the facts pertaining thereto, such as the severity of the fracture, time 
seen after the accident, whether a dirty or clean wound, etc. Pei’haps 
some of the discrepancies in the results obtained in different centers 
are due, in large part, to the difference in the local conditions. Prior 
to the use of .sulfanilamide, the general infection rate with compound 
fractures at the ^linne.sota General Hospital ran from 25 to 28 per cent 
and this was reduced to -t.9 per cent following the use of sulfanilamide 
locally. At the Henry Ford Hospital the infection rate with compound 
fractures in 1938 was 20 per cent, and in 1939 it was 15.4 per cent. 
Since the use of sulfanilamide the rate has been reduced to 9.7 per cent. 

A few of the reported re.sults of treatment of compound fractures 
with local implantation of sulfanilamide arc shown in Table 1. Of 
those reporting. Campbell in particular fiuestioned the efficacy of the 
<irug but stated that further study and a larger number of cases would 
be necessary before a final conclusion could be reached. 

nt Annual of thf* Central Surgical A^^oriatlon. 

in.. IVb, “7 am! 1942. 
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root of the mesenterj' and the aorta. It was necessary to take part of flie body 
of the pancreas to ■which it ■(vas attached. An. end-to-side anastomosis between the 
second portion of the duodenum and the jejunum ■w’as performed. Drains ■were 
placed owing to the incision into the pancreas. His postoperative course was rela- 
tively smooth considering the extent of the operative procedure. Gross and micro- 
scopic e.xamination of the excised specimen showed an annular adenocarcinoma whicli 
almost completely occluded the lumen (Hig. S). One of the preaortic lymph nodes 
removed with the tumor showed carcinomatous metastases. X-ray, May 20, 1911, 
showed a well-functioning stoma. The patient was discharged, apparently well, 
March 25, 1911, six weeks after operation. He remained well all summer. Repeat 
x-ray in November, 1941, showed the same findings as in March. According to 
the latest report in January, 1942, the patient is still apparently well. 

Comment . — This patient was a problem from the beginning. He was 
extremelj’' nervous, and it was impossible to evaluate his symptoms 
clearly. The roentgenologic evidence before the first operation was not 
absolutely conclusive, and operation ivas undertaken ivith some mis- 
givings. No satisfactory e.xplanation of his symptoms ivas found at this 
time, and evidently the lesion of the third portion of the duodenum was 
overlooked. On liis second admission it was obvious that he had some- 
thing fairly definitely wrong, ox’ganically. Again the evidence was not 
very conclusive. The presence of a lesion in the third portion of the 
duodenum was demonstrated roentgenologically only by passing a tube 
into the duodenum and instilling barium into the small bowel. How- 
ever, the obstructive nature of the lesion was not fully demonstrated 
nor appreciated, and there was no indication of the serious nature of 
the condition. It seems unlikely that permanent cure can be e-xpected 
since involvement of regional lymph nodes was demonstrated. The 
failure to recognize the presence of the lesion at the hrst e.xploration is 
'certainly to be deplored. Careful review of the historj' and early x-rays 
fail to point to any evidence which would focus attention on this area. 

The five eases here reported emphasize some of the difficulties expe- 
rienced in the diagnosis and treatment of obstruction of the second and 
third portions of the duodenum. In general, the chief symptoms seem 
to be vomiting and loss of weight, usually without much pain. Duodeno- 
jejunostomy seems to be of definite value in the treatment of s])ecially 

selected cases. 
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first few days, probably due to an excess amount of serous exudate, 
the wounds were completely healed in the same time as in the control 
animals. This observation was also foimd to be true with the amount 
of callus formation and time of fracture repair. 

There is still a difference of opinion regarding the necessity of steri- 
lizing the powder before placing it in the wound. Key has used auto- 
claved powder in his cases and reports no disturbance in the efficacy of 
the drug. We have not sterilized our powder because to date we have 
not felt that any harm resulted from the use of the fresh powder. 

In the treatment of fresh compound fractures I would like to em- 
phasize, as have so many others, the primary importance of sound 
surgical procedures. Under no cii-cumstanees does chemotherapy per- 
mit one to neglect a very thorough toilet of the wound. It has been 
our practice to carry out a debridement on fresh compound fractures 
that are seen in six hours or less following injury. The preparation 
of the wound and surrounding skin is carried out very thoroughly, 
using frequent changes of gloves, gorvns, and drapes and copious irri- 
gation of the wound with saline solution. We do not hesitate to use 
internal fixation whenever necessary, using wire, vitallium plates or 
screws as indicated. Sulfanilamide powder is placed in the wound in 
amounts of from 3 to 20 Gm., depending on the size of the wound. 
When possible to do so without tension, the wound is elosed and a cast 
applied. Where there has been extensive loss of tissue the wound is 
left open, packed loosely with vaseline gauze, and a east applied. 


Table II 

Compound Fractores, Pbimap.y Clo.sube 


Number of cases 


Time seen after injury 

% to 9 hrs. 

Amount of sulfanilamide used locally 

Average, 3 hrs. 

1 Gm. to 20 Gm, 

Internal flxation 

Average, 7 Gm. 

12 cases or 40% 

(8 vitallium plates, 4 wire) 

Skin necrosis 

13 cases 

Infection (mild) 

3 eases or 9.7% 


Table III 

Compoun'd ProvcTOP.ES, Packed Open 


Number of cases 

10 

Time seen after injury 

I to 7 lirs. 

Average, 4.2 lire. 

Anioiint of sulfaniiamifle used locally 

1 Gm. to 20 Gm. 

Average, 9.5 Gm. 

Internal fixation (wire) 

2 cases 

Infection 

1 case or 10% 


A total of forty-one fresh compound fractures have lieen treated in 
Ibis manner. Tlie results are shown in Tables II and III. Thirty-one 
of the cases were closed primarily and three, or 9.7 per cent, liad mild 
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Table 1 


Pkesh Compound Fractures 


AUTHOR 

CASES 

INFECTED 

PER CENT 
INFECTED 

Jensen 

41 

2 

4.9 

Speed 

35 

4 

11.4 

Swart 

15 

2 

13.3 

Breck 

7 

1 

14.2 

Stuck 

21 

2 

9.5 

Campbell 

35 

10 

28.5 

Total 

154 

21 

13.e 


Following tlie early reports of the use of the drug in the treatment 
of compound fractures, other writers cautioned against overeiithusiasm 
and felt that OA-erconfidenee in its efficacy might lead to neglect of the 
all important surgical principles necessary to the toilet of a wound. 
Others felt that the older proAmd methods of procedure such as the 
Bipp, Orr, and Trueta methods should be continued until it could he 
shoAvn that the results from the use of sulfanilamide Avere better. 

The present AA'ar has proA'ided a tremendous stimulus to the iiiA'esti- 
gation of treatment of compound fractures and, as Avith all other AAmns, 
undoubtedly many lessons aOII be learned and great adAmiices made in 
the treatment of this surgical condition. Primary closure of compound 
fractures in A\'ar surgery has alA\'ays been condemned because of the 
high percentage of infections and amputations incident thereto. Trueta s 
closed plaster method used in the Spanish and present World War has 
proved very satisfactory and has been indorsed by almost all surgical 
observers. Many are noAV using sulfanilamide locally in addition to 
the A'aseline pack and report a still loAver incidence of infection. Very 
encouraging reports have been released from the Surgeon-General s 
office on the results of treatment of compound aa-ouikIs Avith sulfanil- 
amide in the recent disaster at Pearl Harbor. Large amounts of .sul- 
fanilamide AA'ere placed in the Avounds either at the scene of the acci- 
dent or immediately upon admission to the hospital. Reports state 
that these Avounds remained clean and that it AAms po.ssible to carry out 
debridement as late as thirty-six hours after the injury. 

Perhaps by the first-aid administration of the drug locally avc av'iH 
find that the infection rate is still further decreased. Certainly this 
typVof treatment is rvorthy of further clinical and e-xpernnenfal m- 
. PatdAAmll has recently demonstrated experimentally tnat 
Amstiga 1 • ^ introduced immediately into a Around eontami- 

"ill Pi-™* 5“ "iXii'Ii'ii iii*”*™" "" 

nated a'I When the poAvder Aras placed m the Avoimcl one 

after the introdnetion of the organisms, 7T per cent of the amniahs 

died of gas hacillus iiMe sulfonamides locally implanted 

The objection ms , i:„„. and fracture repair. Key and others m 

might delay Avoun = although there is a delay m Die 

experimental v.-ork have 


ACUTE COSTAL CHONDRITIS ASSOCIATED WITH STERNAL 

OSTEOMYELITIS 

Vinton B. Sileb, M.D., Cincinnati, Ohio 

(From the Department of Surgery of the College of Medicine, University of 
Cincinnati, and the Cincinnati General Hospital) 

A lthough acute infection of the costal cartilages and of the 
sternum occurs infrequentl}', the disease is, nei^ertheless, so serious 
as to justify the attention of every surgeon. 

There are twelve costal cartilages on each side of the thoracic cage. 
The first five pairs are each articulated with the sternum. The next five 
are each articulated ndth the lower border of the cartilage of the pre- 
ceding rib and the last two have pointed extremities. 

There are three portions of the sternum, namely, the manubrium, the 
body, and the xiphoid process. Of interest is the xiphoid process, which 
in youth is cartilaginous, but becomes ossified in its upper half in adult 
life, the lower half still remaining cartilaginous. 

Incidence of either acute costal chondritis or sternal osteomyelitis or 
both is probably less than one-half of 1 per cent of all cases of osteo- 
myelitis. 

The mode of infection is limited to two routes, namely, (1) hema- 
togenous borne, and (2) accidental exposure of costal cartilages followed 
by immediate or delayed infection. 

In making upper abdominal or lower thoracic incisions surgeons 
should be very careful not to expose the stermun or the costal cartilages 
in the presence of infection. 

The most common and frequent early symptom is pain at the site 
of the infection. This may become excruciating pain during respira- 
tory motion as the disease progresses. The local signs of inflammation 
are present. If there is abscess formation in the soft tissue of the 
chest wall fluctuant areas can be palpated. Not infrequently draining 
sinuses develop in a neglected ease and they usually vary in number. 
The mortality rate of this disease is between 27 and 50 per cent. 

As soon as the diagnosis is made of acute costal chondritis or of 
sternal o.steomyelitis, alone, or associated, the treatment consists of 
adequate drainage of the infected area with resection of all involved 
cartilage or bone, or both, keeping in mind the fundamental surgical 
principles regarding infection in these structures. 

If the chondritis is localized to any one of the first five costal car- 
tilages the sux’gical principle of complete resection of that cartilage 
from the sternum and including the costochondral junction can easily 
be accomplished. Howevei-, when the second five pairs of costal car- 
tilages are involved, namely, six, seven, eight, nine, and ten, the problem 

rrcspnWd at the Soeontl Annual Iteetine of the Central Surgical Association. 
ChIciiKo, IIIm Fob. 27 find 2F, 1942, 
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infection. A number of these eases developed small slcin sloughs along 
the sutare line but on most of these no infection followed. Of the ten 
cases left open, one or 10 per cent developed infection which was severe 
enough to necessitate amputation. No cases of tetanus or gas bacillus 
infection were encountered in this series. 

SUAIMAEV 

AVe believe/ from an analysis of this small serie.s, that sulfanilamide 
powder used locally in the ti’eatment of compound fractures is an im- 
portant adjunct to debridement in the prevention of infection. 

It is suggested that the earlier or first aid administi'ation of the sul- 
fonamide drugs locally maj'^ still further reduce the incidence of infec- 
tion, Further investigation of the method of treatment seems definitelj" 
worthy of consideration. 
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is somewhat more difficult. Again complete extirpation of the cartilage 
is essential and, therefore, it is not only necessary to resect the affected 
area, hut also the entire mass of cartilage which joins these ribs to each 
other and to the sternum. This makes the operation one of magnitude, 
hut it is the only procedure which is sure to he followed by success. 



Fib. -1 — o£ anterior chest wall showing wound entirely healed and gastric fistula 

closed (December. 1911). 

C.VSE REPORT 

G. A., a colored mule, aged 42 years, was admitted to the Cincinnati General 
Hosiutal, June 23, 1940, sixteen and one-half hours after an onset of severe epi- 
gastric pain. Tho diagnosis of a perforated peptic ulcer was made and through 
a short, upper riglit rectus incision a perforated duodenal ulcer was closed. At 
this time peritoneal fluid culture revealed three organisms, namely, BactUus 
acrognes, nonhemolytic streptococcus, Staphylococcus aureus. 

The patient ran a septic course and on July 4, 1940, a left suhhepatic abscess 
was drained through a left pnr.ncoslal incisioa. There is some question as to 
whctlior the left costal margin was exposed or not at this time. An accidental 
gastrostomy was made and closed immediately. Soon after, the patient revealed 
signs of left costal chondritis. A gastric fistula developed. 
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POSTOPERATIVE THROMBOPHLEBITIS AND EJIBOLISM 

Nelsox W. Barker * JI.D., axd James T. Priestley, t JI.D. 
Rochester, Mixx. 

(From llie Mayo Clinic) 

W ITHIN the past few years it has been shoira by a number of inves- 
tigators that postoperative venous thrombosis, thrombophlebitis, 
and pulmonary embolism can be prevented definitely by the adequate 
administration of heparin. Recent studies of another preparation, 
dicoumarin, 3, 3'-methylene-bis-(4-hydroxycoumarin), indicate that ade- 
quate and eloselj’’ supervised administration of this drug also will pre- 
vent these postoperative complications. However, heparin is expensive 
and somewhat difficult to administer and the dosage should be indi- 
vidualized for each patient, depending upon its exact effect on the 
coagulation time of the blood. This necessitates frequent determina- 
tions of the coagulation time. Dicoumarin is not expensive and is 
easily administered by mouth. The dosage of this drug, however, also 
must be carefully iudividualized, depending upon the results of daily 
accurate determinations of the prothrombin time. There is some risk 
of hemorrhage, during the administration of both heparin and dicou- 
marin, although this danger maj' be minimized by careful indiiddual- 
ization of dosage. The tendency toward hemorrhage of heparinized 
patients can be stopped easily and qruckly by discontinuance of ad- 
ministration of heparin and by the use of protamine. The effect of 
dicoumarin can be stopped by the transfusion of fresh, citrated blood, 
although sometimes not as rapidly as in the case of heparin, and it 
may be nece.ssary to transfuse blood several times. 

In a review of the records of 1,665 consecutive cases of postoperative 
venous thrombosis, thrombophlebitis, and pulmonary embolism, the in- 
cidence of all these complications was found to be only 0.96 per cent for 
all operations, 2.1 per cent for all eases of laparotomy, and 3.1 per cent 
for all eases of laparotomy in which surgical procedures were done on 
the female pelvic organs. The incidence of fatal pidmonary embolism 
was 0.2, 0.4 and 0.5 per cent, respectively, for these three groups of surgical 
patients. Thus, while postoperative thrombosis and embolism are serious 
complications, they are actually comparatively rare, and the use of 
either heparin or dicoumarin does not seem justified as a routine pro- 
cedure to prevent thrombosis and embolism. To date, we know of no 
satisfactory test for determining which patients have a definite tend- 
ency toward postoperative thrombosis and embolism. 

•Division of Medicine, The !Mayo Clinic. 

^Division of Surpery, The Mayo Clinic. 

CincniTO'’ni‘^ reb*'''7 and°"s Mcctinc of the Central Surric.-il .Vs-!ocia(ion. 
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On Aug. 10, 1940, when an attempt was made to close the gastrostomy, the 
involved cartilages (shown by the shaded area in Fig. 1) of ribs seven, eight, 
nine, and ten w^ere partiallj^ resected. The infection continued to spread and the 
patient ran a septic course. The gastric fistula persisted and multiple drain- 
ing sinuses of the left costal margin were present. Eepeated culture revealed 
the organisms to be nonhemolj'tic streptococcus and Staph, aureus. 

On Oct. 5, 1940, the block cartilages of six, seven, eight, nine, and ten remaining 
on the left side w'ere resected. We were rather sure we had resected all of the 
involved .cartilage. The wound was treated w'ith daily wmt dressings, but drain- 
age was alwaj's seen in the region of the xiphoid process. We now assume that 
the infection spread from the left to the right costal region through the cartilaginous 
tissue of the xiphoid process. 

On Nov. 3, 1940, it was necessary to resect the block cartilage of ribs six, 
seven, eight, nine, and ten on the right side as well as the xiphoid process and a 
small portion of the bodj' of the sternum. 

In spite of this radical procedure the infection spread to the cartilages of the 
fourth and fifth ribs and these were resected as well as ov'er one-half of the body 
of the sternum, on Nov. 15, 1940. We were sure that after this procedure there 
should be no extension of the infection. 

By Nov. 30, 1940, the cartilages of ribs two and three, the remaining body of 
the sternum, and part of the manubrium xvere involved and resected. 

The infection continued an upward spread and on Doc. 14, 1940, tho final 
resection was done. At this time the cartilages of the first ribs, the sterno- 
clavicular joints, and the remaining portion of the manubrium were resected 


(Fig- 2). . . , , 1 

About twelve days after the final stage of resection this patient developed 
bilateral basal bronchopneumonia associated with labored respirations duo to 
mechanical embarrassment of the thoracic cage. The patient was placed in n 
Drinker-Collins respirator, which we believe carried him sufficient time to allow 
the granulation tissue to overcome the mechanical difficulty. The wound was 
grafted in multiple stages (Fig. 3). This patient made a complete recovery and 
is now leading a normal life (Fig. 4). 


In sumntarjb ""e emphasize that acute costal chondritis associated will) 
sternal osteomyelitis is a rare but serious s}mdrome. Tlie importance of 
anatomic knowledge of the costal cartilages and the sternum has been 
stassed. Curability can result only through the application of surgical 
principles to the anatomieopathologie problem presented. 

^ To our knowledge this is the only case where twenty costal cartilages 
and the entire sternum have been resected. 



ASPIRATION BRONCHOPNEUMONIA 

Carl Wesley Apfelbach, M.D., Chicago, III. 

(From the Department of Pathology of the Preshyterian Hospital 
and the University of Illinois) 

P REVIOUS publications’- ® have called attention to the frequency of 
occurrence and clinical manifestations of acute bronchopneumonia 
that results from the aspiration of regurgitated gastric material. It is 
the pui-pose here to point out the anatomic changes that must be pres- 
ent in order to demonstrate this form of imeumonitis in contrast to 
bronchopneumonia caused by the usual upper respiratory organisms 
such as pneumococci, 3Iicrococctts catarrhalis, Streptococcus liemolyticus 
and Str. viridiins in which the inflammatory process goes through the 
stages of engorgement, red hepatization, and gray hepatization very 
much like the stages of lobar pneumonia. The inflammatory reactions 
following the aspiration of gastric material are chiefly heraon-hagie, 
edematous, and hyperemic. Polymoi-phonuclear and fibrin exudation 
occurs infrequently. This condition in the past has frequently been 
interpreted both clinically and pathologically as hypostatic broncho- 
pneumonia and hypostatic hyperemia and edema. 

There are two general groups of predisposing causes. Whenever the 
gastrointestinal tract is dilated from paralytic ileus, bowel obstruction, 
or dilatation of the stomach, the chance for regurgitation is present. 
In other eases stupor and coma predispose to the aspiration of material 
from the pharynx and regurgitated material from the stomach because 
of loss of control of the laryngeal muscles. 

It is desirable to perform the post-mortem examination within one 
or two hours after death in order to minimize the degree of po.st- 
mortem changes in the lung tissue. Lungs, ordinarily, do not undergo 
po.st-mortem changes rapidly. In the pre.sence, however, of regurgi- 
tated material from the gastrointestinal tract such changes are ob- 
served soon after death. 

When the sternum is removed the lungs do not collapse because they 
are distended with air. This is due to flooding of the bronchial tree 
with material from the stomach or hemorrhagic exudate interfering 
with expiration, as do all conditions that partially occlude the lumen 
of the bronchial tree. 

Disseminated in the lungs, there are hemorrhagic, edematous, and 
hyperemic regions, increasing in extent from the anterior to the pos- 
terior portions. These regions, instead of having the red color of 
hemoglobin, very frequentlj" have abnormal shades of color due to 
methemoglobin and hemolysis. 

ChlcSol'In. Fcb.‘'2T aS?:! Central Surgical A«oclatton, 
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In the statistical analysis of the 1,665 cases, it was found that ap- 
proximately 50 per cent of patients having fatal pulmonary embolism 
had had previous episodes of nonfatal embolism or pulmonary infarc- 
tion or had had clinically diagnosed thrombophlebitis. Of 381 patients 
who had pulmonary embolism or infarction and survived, 44 per cent 
were afflicted by a subsequent episode of embolism or thrombophlebitis, 
30 per cent Avere afflicted by a subsequent episode of embolism, and 19 
per cent subsequently had a fatal pulmonary embolism. Of those pa- 
tients Avho had thrombophlebitis which was diagnosed clinically, 11 
per cent had a subsequent episode of thrombophlebitis, 16 per cent had 
pulmonary embolism, fatal or nonfatal, and 6 per cent had a subse- 
quent episode of fatal pulmonary embolism. The statistical study 
shoAved further that postoperatiA'e thrombosis and pulmonary embolism 
Avere tAvo and one-half times as common among patients having car- 
cinoma, three times as common among patients having diseases of the 
peripheral Amins or seAmre infections, three and one-half times as com- 
mon among patients haAung heart disease, and four and one-half times 
as common among patients haA'ing anemia or other CA'idence of blood 
dyscrasias. as it Avas in the group of patients Avho had none of these 
predisposing factors. It Avas found that the incidence of postoperatiA'e 
venous thrombosis or pulmonary embolism Avas very high among pa- 
tients Avho had had thrombophlebitis recently (Avithin six months) or 
pulmonary embolism occurring spontaneously or after another opera- 
tion. There Avas a slight but definite increased incidence in these tAVO 
conditions among those patients Avho had had thrombosis oi- cmboli.sm 


longer than six months previously. 

At present Ave feel that the use of anticoagulant therapy, Avith either 
heparin or dicoumarin, is indicated for all patients Avho have had pul- 
monary embolism or pulmonary infarction and haA'c .survived. It is 
also indicated for patients in Avhoni thrombophlebitis develops, because 
■ these tAVO groups the risk of further episodes of venous thrombosis 
1/or embolism and even fatal pulmonary embolism is sufficiently 
* , t to AA’arrant great concern. We also found that liepariTi and 
marin should be administered po.stoj)eratively as a prcA’cntive 
to those patients aa'Iio haA'C had thrombophlebitis recently or 
measuie arising from any cause Avithin six month.s prior 

pulmon« y Pniieuts Avho liaA’e organic heart di.seasc, vaj-ico.se 

■ir. operation. ^ ^ ^ • e <■ 

to roc v other blood dy.scrasia.s, carcinoma, or scA’crc intecfion.s 

veins, anemia ,,j,ggter tendency tou'ard postoperative venous Ihrom- 

liave a somen i cmboli.sm than do patients acIio do not have iliesc 

bosis and pw niom . ,peoinnarin is not ad- 

conditions. A ° j.^(.p(Pire, even in these group.s, if a coniinnntion 
Ausable as a I'O'' ^resent such anticoagulant therapy is usually 
of several factors is pre- 

indicated. 



CONCUSSION OF THE LUNG 


James D. Kixg, IM.D., Ph-D.,® Columbus, Ohio 

(From the Department of Sesearch Surgery of The Ohio State University) 

H IGH-EXPLOSIVE bombs have been used more widelj' on the 
civilian populations and at sea in tliis AYoi’ld War II than in any 
previous conflict. For two years this eountiy has been aware of the 
bombing of cities; consequently, a real need has arisen for the investiga- 
tion of the nature of this urgent problem. One of the more significant 
problems of the present war thus becomes an analysis of the detonation 
of high explosive and its effect on the human body. 

Injurj^ resulting from high explosive was observed during the last 
war. At that time it was variously regarded as “shell shock” and 
“commotio thoracis.” It was observed in soldiei’s who were near an 
exploding shell, but who were not actually hit by tlie flying fragments. 
Similar observations were reported from the Spanish Civil War and 
similar injuries have long been reported in civilian accidents in which 
the individuals were badly shaken up but at the time seemed to have 
escaped more serious injury. More recently, it lias been frequently 
observed during the bombing of England. The British have carefully 
studied the condition, and have applied to it the general term of “blast 
injury” (Fig. 1). 

Concussion of the lung, thus, on the basis of experimental studies of 
Zuekerman,° appears to be due to the effects of the blast wave which fol- 
lows the explosion of a rapidly detonating projectile, such as a bomb. 
The explosion results in tlie sudden compression of the air immediatelj' 
surrounding the bomb. Tims, at any point in the immediate neighbor- 
hood of an explosion, tliere oecui-s first a momentaiy wave of high pres- 
sure followed by a lesser one of negative suction pressure. The pressure 
recordings obviousl 3 ' vaiy with the distance and the size and weight of 
the bomb. For example, at a distance of fifteen feet from an exploding 
125-pound bomli, the liydrostatie pressure may be as high at 200 pounds 
per square inch, whereas at a distance of fifty feet, the maximum 
prc.ssure recorded will not be more than ten pounds per square inch 
(Fig. 2). 

Tlie pulmonary injuries were found to be directly due to the impact 
of the pressure wave on the chest wall, since the lesions were found to 
be localized to the side facing the c-xplosion. AYlien half the animal 
was protected with sponge rubber, no lesions were observed if the pro- 
tected side faced the explosion, but characteristic lesions were observed 

•Conily Follow In Uosoarch Surf:cr>*. 
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The lining of the bronehial tree is usually the seat of an intense 
active hyperemia and superficial desquamation of the epithelial cells. 
The degree of hyperemia is more marked than is observed in instances 
of pneumococcal pneumonia. Piirtherraore, the mucosa is usually in- 
tact in the bronehial tree in ordinary bronchopneumonia, provided 
that tissues are fixed soon after death. 

If the patient dies soon after aspiration, the material in the bronehial 
free has many of the characteristics of the material found in the stom- 
ach, If a feiv hours have elapsed, the lumen is occupied by a hemor- 
rhagic exudate. 

Cultures are made of the blood in the riglit heart chambers, the ma- 
terial in the trachea, liemorrhagie lung tissue, and the lumen of the 
stomach. It is found that the bacterial flora in the trachea, lung, and 
stomach is the same and consists of organisms commonly found in the 
intestinal tract but not in the mouth or pharynx, such as gram-positive 
anaerobic bacilli, colozi bacilli, 3 'easts, and occasional staphylococci. 
In most instances the cultures of blood from the heart are negative, 
indicating that the bacteria found in the lung tissue did not obtain 
their way through the blood stream from the gastrointestinal tract. 

Histologically, the most common changes consist of extreme engorge- 
jnent of the alveolar capillaries, dis.seminated regions of edema and 
hemorrhage, and decreased staining capacity of the lung tissue, in 
contrast to the distinctiveness observed in other organs. Occasionally 
bile pigment and undigested particles of food are observed in the 
bronchioles and alveolar spaces. It has been noted that polymorphonu- 
clear leucocytes begin in the exudate several hours after aspiration. 

Bizarre instances of advanced post-mortem change simulating acute 
wangrene of the lung have been observed in the past, beginning with 
the time of Becker’s publication, in 1887.” The edematous and hem- 
orrhao-ic phase, which is the common one, has not been recognized 
etiolot^icallj^ by pathologists and ph.vsieiazis. Attention is called to the 
fact that aspiration pneumonia of this type occurs in individuals who 
have lost free hydrochloric acid in the stomach content which allows 
the development of a heavy bacterial floi-a in the gastric juice. 
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KING: GOXCUSSIOX OF LUNG ‘ii.f 

when the unprotected side faced the explosion. Bilateral lesions were not 
ohseiwed, thus, it appears that the etiology is a local rather than a gen- 
eral traumatic effect mediated through an open trachea. Injuries to the 
central nervous system are like^vise thought to be caused by the hy- 
draulic-like pressure developed from sudden compression of the thoracic 
cage with consequent violent back pi'essure on the venous side. The 
most frequent pathologic findings in blast injuries are ruptured alveoli, 
ruptured alveolar vessels, and evidence of traumatic pulmonary hemor- 
rhage. A more recent report indicates that the lesions were also found 
in other organs, including the epieardium of the heart, and very fre- 
quently in the large intestine, which, next to the lungs, proved to be the 
most susceptible to the effects of blast. As a rule, there are no fractures 
and no external signs of injury. 












Pis. 3.~Photomicrosraph of the luns after injurj- by contusion in peacetime civilian 
life. Note the hcmorrhas'c exuflate in the ruptured alveolar spaces. 

With evidence supporting the theory that the lung damage is due to 
the phy.sical impact of the blast wave against the thoracic wall, atten- 
tion is consequently directed to reported observations of such similar 
forms of lung injury in peacetime civilian life. It has been observed 
tliat such forms of lung injury occur more commonly in children than 
in adults. This is probably because of the more elastic nature of the 
thoracic cage in children in whom the lungs are more easily compressed 
between the resilient ribs. An example of this form of* lung injuiy 
was obsciwod recently in one of our ovm patients. A boy, 12 years of 
age, died soon after having sustained a heavy crushing blow on tlie 











SURGERY 



Eiff. 1. — Photomicrograph of the lung of a man who aied as a result of injiiiy 
sustained in an air raid. The alveoli, which are disrupted, arc filled with blood cells. 
(After Zuckerman.’) 











iimc" of a rabbit expose.] to blast, sliouing iiifiny 
o_.Photomlcrograrh ^‘^«/^{l?d.sn,Pt^ n»li-. (Aft.r Za< iu rnmn,.] 

alvcSii filled " 
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when the unprotected side faced the explosion. Bilateral lesions were not 
observed, thus, it appears that the etiologj’- is a local rather than a gen- 
eral traumatic effect mediated through an open trachea. Injuries to the 
central nervous system are likewdsc thought to he caused by the hy- 
draulic-like pressure developed from sudden compression of the thoracic 
cage with consequent violent back pressure on the venous side. The 
most frequent pathologic findings in blast injuries are ruptured alveoli, 
ruptured alveolar vessels, and evidence of traumatic pulmonary hemor- 
rhage. A more recent report indicates that the lesions were also found 
in other organs, including the epicardium of the heart, and very fre- 
quently in the large intestine, which, next to the Ituigs, proved to he the 
most susceptible to the effects of blast. As a rule, there are no fractures 
and no external signs of injurj*. 



Fig. 2. — Photomicrograph of the lung after injury by contusion in peacetime civilian 
life. Note the hemorrhagic exudate in the ruptured alveolar spaces. 


With evidence supporting the theory that the lung damage is due to 
the physical impact of the blast wave against the thoracic wall, atten- 
tion is coiiscfiuently directed to reported observations of such similar 
forms of lung injury in peacetime civilian life. It has been observed 
that sueli forms of lung injun- occur more commonly in children than 
in adults. Tins is probably because of the more elastic nature of the 
thoracic cage in children in whom the lungs are more easily compressed 
between the resilient ribs. An example of this form of Inng injury 
was obseiwed recently in one of our oum patients. A boy, 12 years of 
age, died soon after having sustained a hea^-J’ crushing blow on the 


418 


SURGERY 


chest. A clinical diagnosis of fracture of the skull was made, but 'post 
mortem examination revealed, besides fracture of the base of tlie skull, 
many small hemorz’hagic spots scattered over the pleural surface of 
the lungs, and microscopic examination revealed multiizle areas of hemor- 
rhage of varying size scattered throughout the entire lung. Many of 
the alveoli appeared disrupted and filled witli the red blood cells (Fig. 
3). This was an instance of peacetime injury of the limg witliout signs 
of external cliest injury. It was not recognized clinical^. Tlie fact 
that extensive visceral damage can he produced without revealing any 
external evidence is important from many points of view. The clinical 
significance of this example is obvious and has been recognized ly cer- 
tain surgeons. 

Prophylaxis is possible. This is particularly true of injuries due to 
high explosives. If one is near an exploding bomb he should attempt 
to protect his chest from the high pressure wave. This can be done by 
taking shelter behind a solid object or by tlirowing oneself face down- 
ward into a gutter and letting the pressure wave pass over the curb- 
stone. If there is insufficient time to do more, one should fall flat on 
his face, since the heavy back muscles and spine afford greater protec- 
tion to the lungs than the anterior chest wall. It may even be feasible, 
in the future, to devise some type of protective armor for the chest. 

Treatment consists largely in recognition of the existence of such an 
injury, oxygen therapy, and particularlj' rest to avoid anj^ additional 
trauma that might be superimposed upon the already hemorrhagic lung. 
General anesthesia sliould be avoided. 
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PAj^IILIAL hemolytic jaundice 

A Study of the Results of Sokgica-L Therapy 

Charles W. McLaughlin, Jr., M.D., Omaha, Neb. 

F amilial hemolytic jaundice has been recognized as a clinical 
entit}’^ since 1900, Avhen Minkowsky^ published the first accurate de- 
scription of the condition. The essential diagnostic features of increased 
fragility of the red blood cells, retieulocjdosis, acholuric jaundice, and 
spienomegalia are noiv well recognized. 

During the past five 3 'ears, a series of thirtj’^ cases of familial hemolytic 
jaundice have been studied. In sixteen, cases, splenectomy was advised 
because of clinical and laboratorj' evidence that the disease process was 
not latent. Thirteen patients accepted this advice and have success- 
fully undergone splenectomy. These thirteen patients, coming from 
nine distinct and um’elated families, form the basis of this report. 

The average age of this group of patients was 25 jnars, the oldest 
lieing 40 and the yovuigest 5 (Table I). Females predominated in the 
ration of 2 -.1. A definite family history of hemolytic jaundice was ob- 
tained in all but two cases in this series. One exception was a boj’’, 11 
3 ’'ears of age, from the Child Sanng Institute and repeated efforts to 
trace his parents were unsuccessful. Definite clinical icterus ivas present 
in twelve cases, or 93 per cent of the group, on admission. One patient 
exhibited only a sallow complexion and muddy sclera, but definite 
jaundice was absent. 

The presenting symptoms in this group of patients subjected to 
splenectomy are listed in Table II. It is of interest that weakness, 
fatigue, and jaundice were the outstanding complaints in all but two 
of the series as evidence of the constant blood destruction with associated 
icterus. 

Pain in the left upper quadrant was noted in those who were ex- 
periencing a sudden exacerbation of the hemolytic factor with asso- 
ciated enlargement of the spleen. Fever, chills, nausea and vomiting, 
likewise, were attendant symptoms in those admitted during a more 
active phase of the disease. 

The spleen wa.s i-eadily palpable in each of the thirteen cases. In five 
instances, the organ extended from two or four fingerbreadths below 
the left costal margin, in five, to the level of the umbilicus, and in three 
instances the mass reached the anterior superior spine inferioriy and 
extended medially ])ast the midlinc. 

Tiic principal complication.s of familial hemolytic jaundice arc noted 
in Table III. Of these complications, acute hemolytic cidscs, or “einscs 
of dcgl obiilization” are the most inlerc.sting and important. The exact 
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Table I 


Series op Thirteen Cases 


Average age 

Oldest age 

Youngest age 

25 years 

40 years 

5 years 

Males 

Females 

5 cases 

S cases 

Family history 

S5% 

Icterus present 

93% 

Spleen palpable 

100% 


Table II 


Admission Complaints and Order op Fheqvengy 


COMPLAINT 


number 

OP CASES 


PERCENT 


Weakness 

n 

83 

Fatigue 

n 

S3 

Jaundice (mild) 

n 

S3 

Jaundice (deep) 

1 

8.5 

Splenic mass 

6 

46 

Pain (left upper quadrant) 

4 

33.2 

Pain (right upper quadrant) 

3 

25 

Fever and chills 

3 

25 

Nausea and vomiting 

o 

17 


Table III 
Complications 


Acute liomolytic crisis 

Biliary complications 

Gallstones, cholecystitis 
Calculous common duct obstruction 


precipitating factor for these acute Iicmolytic crises lias never been 
determined, and a careful study of tliis scries of patients offci’s no ade- 
quate explanation. The tendency for several affected incmbcrs in a 
family to experience tliese episodes within a iieriod of a few days’ time 
has been one of the most interesting features of thi.s disease. In one of 
these families a mother and her daughter, aged live year.s, both develojiod 
acute hemolytic crises within one week, reducing their red counts to 
levels below 1,000,000. In a second family, a girl and her two Iirotlicrs 
took m-areW ill with typical crises at the .same time. One hrotlier .suc- 
\ ed one recovered but remains iiclow jiar with iefenis and sjdctio- 
lia' and the third reported siihsoqnently for splenectomy will) clin- 


ical cure. I • 1 • r 

- Scott® and Dawson^ have all erniuiasiEed the .scnoiisncss of 

Cowen, „ cnisode.s. Patients who have once had a crisis tend 
these acute le . history provides it drfmilr j/idica- 

to have otheiu an ^ yomig man. aired 211 years, wa.s oli- 

tion for adnsing sj jtospital five yoaiN airo in an acute liemolyfic 
served at the ivp.s advised and refused. X-ray therapy 
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ill large doses rvas given over tlie splenie area on several occasions with- 
out benefit. He succumbed two years later at his home as a result of 
a subsequent crisis. 

In this series of thirteen splenectomized patients, five, or 31 per cent, 
gave a history of one or more crises before admission, and two patients 
were admitted to the hospital during their first acute episode of hemoly- 
sis. Neither of these latter two patients was operated upon as an emer- 
gency, as advocated by Curtis and co-workers,^ hut came to splenectomy 
after the blood picture was somewhat restored by medical means. How- 
ever, we are fullj' in agreement with his thought on these cases and be- 
lieve that emergency splenectomy for acute hemoelastic crises is a logical 
procedure. 

It is now rather generally appreciated that one should not give trans- 
fusions to patients suffering irith familial hemolytic jaundice before 
splenectomy, even though the degree of anemia be verj* striking. Severe 
reactions are very prone to occur in spite oi accurate cross matching of 
blood, irith a sudden and alarming increase in hemolysis of red cells 
and a further drop iu the blood picture. Jones® reports the development 
of transfusion reactions in 45 per cent of his series of patients who 
were given transfusions prior to splenectomy. Transfusions were given 
in tivo of our early cases before removal of the spleen with a severe 
reaction in one instance. We now believe that the preoperative admin- 
istration of blood to these patients is contraindicated, but transfusion 
may be carried out with complete safety and without fear of a reaction 
as soon as the splenic pedicle is ligated. 

It is generally conceded that biliary complications will develop in 
approximately TO per cent of the cases of familial hemolytic jaundice. 
Naturally, the incidence will be higher in those patients who have been 
subjected to a chronic hemolytic factor over a period of years, but 
youth is no assurance that stones will not be pi'esent. Eassieur,’ in 
1937, reported three children in one family under the age of 10 in 
each of whom gallstones were present at the time of splenectomy for 
familial hemolytic jaundice (Table IV). None of the group of thirteen 
patients had been subjected to previous biliaiy surgery, although two 
otlier patients with familial hemolytic jaundice have been observed who 
liad previously undergone cholecystectomy without relief of sj’mptoms 
and subsequently refused splenectomy. Pemberton® reports that 20 
per cent of the patients in his series of oases liad previously been oper- 
ated upon for lesions of the biliary system rvithout the underljing condi- 
tion l)eing recognized. Clioleeystograms wore made in ten of the thirteen 
eases, demonstrating a pathologic gall bladder in six instances. At the 
time of splenectomy, stones were palpable in six cases, or 46 per cent, 
of this scries. 

Tlie management of the as.sociated biliary disea.se in the.se patients 
may in-e.seiit a very difficult clinical problem. The role of the spleen 
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m familial hemolytic jaundice and clinical experience indicates that tlic 
spleen, wliich is primarily at fault, should be removed firet and asso- 
ciated biliary pathologj- either dealt with at the same time or at some 
future date. "When there is a liistory of previous biliary colic and 
stones are palpable when splenectomj^ is undertakerr, one’s natural de- 
sire is to deal with the spleen and the gall bladder at the same time. 
Technicallj^, however, this is often impossible or definitelj' contraindi- 
cated. In one of our eases a eholeeystotomy was done at the time of 
splenectomy with a satisfactory result to date. In four others, secondary 
cholecysteetomj'^ was performed for persisteirt biHar^^ sj'mptoms. Cal- 
culous common dirct obstruction, associated with air acute hemodastie 
crisis, occurred in one patient in this series. Jaundice of botli a liemo- 
lytic and obstructive character was intense, with an icterus index of 
360 aird a rapidly falling blood picture. In this t.vpe of patient vitamin 
K has proved to be of tremendous value since it permits one to attack 
the spleen safely as a primary procedure with subsequent correction of 
the biliarj^ patholog 3 ^ Tliis patient, witli adequate jireparation by 
means of glucose and vitamin K, was spleneetomized and three week's 
later was subjected to cholecystectomy and choledocliostomy. He made 
an excellent recovery and is now back at full-time work without com- 
plaints. 

Table IV 

Bu.iarv Complicatio.n’.s 


rA.SES 


rail CTLVT 


Previous gall bladtler synqitoms 
Previous biliary surgery 
Cliolecystograuis, done in fen cases 


0 


Pathologic gall bladder 

(i 

•10 

Gall bladder reported normal 

4 

til 

Obstructive jaundice, on adniis.'Jion 

1 

s 

Gallstones palpable at operation 

V, 

40 

Biliarj' surgery witli splenectomy 

1 

S 

Subsequent biliary surgery 

4 

.".1 


Tlie average blood values for this .series of eases are sliown in Talilo V. 
The sudden and striking increase in tlic cellular elements of the Iilood 
durino- the course of splenectomy is one of the most interesting featui-es 
of this condition. Blood studies, in pai-l previously reported,’'- made 
it frequent intervals during operation and throughout the postoi)erativc 
oeriod confirm the observations of Glover and Fargo,” and Doan and 
1 • vorkers'- In this series of patient.s, there was a iinifom rise in 
he hemo-lobin during operation and in the hour following, which aver- 
9-19 i,er cent for the group. The erytl.roeyfe counts eorresi.ond- 
aged -3..^ 1 period with an average increase of 1,100,000 

inglyarosecii ^ e,.j.|]„.ocyle j-e;ulings then grarlually 

cells. Both the " hom-s to approach the preoja-rativc read- 

fell during the nex . jippcarcd in both readings with normal 

ings. A gradual ^,,^1 of the first posfoj)crative month. 

counts in almost cvciy 
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The leucocyte eoimts also became elevated during splenic manipula- 
tion, averaging 28,000 one hour after splenectomy and 46,000 eight hours 
after operation. This leucoeytosis gradually decreased during the post- 
operative peiiod although a mild elevation of the 'white cell count, 
ranging from 10,000 to 15,000, was present in each instance at the time 
of dismissal. 

Table V 

Blood Pictuke in Semes of Thip.teen Cases 



HB 


KETIGU- 

LOCYTES 

ICTERUS 

INDEX 

PLATELETS 

Average admission 

01 

3,300,000 

12.3 

57 

203,000 

Low 

20 

930,000 

4 

5 

156,000 

High 

98 

5,400,000 

31 

360 

240,000 

Average dismissal 

SI 

4,700,000 

l.S 

9 

334,000 

Low 

m 

3,870,000 


3 

209,000 

High 

lor 

5,000,000 

7 

22 

480,000 


These immediate and dramatic changes in tlie blood picture are char- 
acteristic of the patient with familial hemolytic jaundice during and 
following splenectomy. They have not been obseiwed in five patients 
with atypical hemolytic jaundice subjected to sideneetomy, nor were 
tliey again noted in the four patients who were subseciuentlj’’ subjected 
to biliaiy surgery. The probable explanation is a sudden outpouring 
of cells into the peripheral circulation from an enlarged splenic reservoir 
that is compressed and manipulated during the surgical procedure. 
These changes in the blood picture coincide with the reduction in the 
size of the spleen which occurs during operation and is both visible and 
obvious. This initial autotransfusion is the factor which permits suc- 
cessful splenectomy in the presence of profound anemia or a crisis with- 
out resorting to transfusions. Following splenectomy, transfusion is 
entirely safe but is I'arely necessary; it was employed only once in this 
series of thirteen eases. 

Technically splenectomy in familial hemolytic jaundice is made dif- 
ficult only by the size of the spleen encountered (Table VI). The aver- 
age splenic weight in this series of cases was S35 Gm., representing an 
enlargement of five times the normal size. A few adhesions were pres- 
ent in three instances as a result of previous splenic infarcts with peri- 
splenitis. In only one case did they offer any technical problem. There 
has been no recurrence of the hemolytic factor in anv of tliis series of 
case-s following .splenectomy. When evidence of hemolysis does reappear 
following removal of the spleen, it may be assumed that (1) the original 
diagnosis was incorrect, (2) overlooked splenic tissue has become active, 
or (3) hemolymph nodes have hypertrophied and as.sumed a hemolvtie 
character. 

The es-sential clinical and laboratory features of familial hcmolvtk 
jaundice are now so well eslabli.shed that few errors in diamiosis ocmir 
Furthermore, e.xi>oricnco indicates that the antotransfusion'roaetion ac- 
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companying splenectomy in familial hemolytic jaundice is a tj^pical and 
essential reaction which occurs in all cases and confirms the diagnosis. 
As previously noted, the phenomenon of autotransfusion did not occur 
with splenectomy in five patients with atypical hemolytic anemia, in 
none of whom was there any pennanent benefit from surgical therapy. 

The importance of the accessory spleen has been emphasized by Curtis 
and White. Thej’’ reported their presence in 10 per cent of autops.v 
material studied and in 20 per cent of their cases of familial hemolytic 
jaundice coming to operation. A careful search was made in each of 
these thirteen eases and definite accessory spleens were found in tiiree 
instances, or 24 per cent of the group. In each patient, tliese accessory 
.splenculi were found in, or taking their attachment from, the principal 
pedicle of the spleen. 



. SDleen tno acccs<:on cplfoni fioin Inn, n„'( <1 "3 jijua. witli 

, tie Jaundice, one accesior\ splien n.is iittitcliid to tin “jilmli 

pedVcle uliiTe me I‘» l«lJacent to the upp. r pole of the hfl kidno 

Hypertrophy of hcmoljmiph tissue with an assiimplion of hemolytic 
characteristics* offers a possible explanation for reeiincnce of swniiloms 
follonin" splenectomy. While this occ.irs only larely and is Ity no 
..one oc fremient a cause of recurrence as overlooked aceessoiy si.lenie 
Lue the possibility must aluays be considered. 

We have obseiwed one patient ssho remained veil for Ivo yea i-s after 
' t for hemolvtic jaundice and then again de\ eloped jnofonnd 
splenecto:^ received a total of ninety Ijansfusions duritig the fue-ve/ir 
anemia, rtc iccurrcnee of .symiifoms. .\l aulojisy theie vas 

period he surr 1' • tjie abdominal heniolynijdi nodts. ranging 

a striking enlarge diameler. No aeetssory s()Ienie ti^-sne vas 

Lfdbft radiologist in spite of a lery eaiefnl .seaieb. 
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Table VI 


The Splees ix Thirteen Cases 


Average weight 

833 Gm. 

Largest 

2200 Gm. 

Smallest 

300 Gm. 

Accessort' spleens 

3 Cases 

Adhesions 

3 Cases 


SUJIMARY AXD COXCEUSIOXS 

A series of thirteen typical cases of familial hemolytic jaundice sub- 
mitted to splenectomy with clinical cure have been presented. Acute 
hemoclastie crises and biliary disease Avere the principal complications 
encountered. The autotransfusion reaction occurring with the splenec- 
tomy in each instance has been discussed and its value in confirming the 
diagnosis emphasized. Transfusion before splenectomy is definitely 
contraindicated but may be carried out subsequently Avithout risk. The 
pos.sible causes of a recurrence of the hemolytic factor in these patients 
following splenectomy are misdiagnosis, overlooked accessory' splenic 
tissue, or hemolymph tissue Avhich has as.sumed a hemolytic character. 
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A. .M.U.A a.vi> i’f.n r: ( M.l). 

Ans Ai:|!iii;, Mtcii. 

C {‘. till' u<iv<‘tu (.1 stfumcli tii.-nsiins I»y (»iir piildic ii<';ill}j 

roii.-iriiiii' improv. nH tit in v.alcr supply, ItflP.-i - scuviot 

y()lioi(] 
yj)hoi(l 
Icsscn- 

.'.'cvcr- 

llit'Ii'ss, tlicrt' still liii'lvs 11 ut'f'iit jiriil an actual soni’ia’ of jailcnlinl daii- 
irct' in tile niu'tnit I'olicil clit-ntiic typlioiil carrier, and until lie is fully 
recognized and coniplelely nianntred or cured, cpidcinie l.vjilioid fever 
^vii! eontiniK’ to exist. It is <-oneernin" tlic ileteetion and tlie treatment 
of tlies(> individuals tliaf tin's paper fleal.s. 

The orcanism. rjnrthdln tupltosus. was first a.ssoeiated with the gall 
hlatlder hy Anton and hhitterer,* in ISt^S. when they eullurod and iso- 
lated this liaeiilus Iriim the jrall hladilers of fatal casc.s of tj'phoid fever. 
l''oll(iwiu'.' their worlt. later worhers in Germany unveiled the fact that 
the oritanism eoidd usually he found in the uall hladder.s of carriers 
of tlie (li.sease. Since tliat time many methods of identifying car- 
riers and many therapeutic auents have Iieen nseil in the treatment of 
this eondition. .Stertenhrink.' in 1!)2S. reviewing the literature on the 
stdijeet, ejdled attention to the fact that over 100 different therapeutic 
agents, ineluding la.xafives. disinfeetant.s, dyes, vaccines, ultraviolet 
irradiation, and foreign in-otoin. employed to this date -were unsuccess- 
ful and unsatisfactory. 

7’j/pf.s' of Cttrricr.i. — A person recovering from either a mild or a 
.severe ease of typhoid may soon cease to liarbor the organisms or he 
niav eontimio to excrete them in his urine or feces foi- a var.^dng period 
of time. Tlie latter individuals arc classed as carriers. There arc four 
nlaccH in the human body wherein typhoid bacilli may remain and thus 
rrivc rise to the carrier state: Tlie urinary bladder, the intestinal mu- 
co.sn llie biliary radicles of the liver, and the gall bladder. Hepatic, 

•• ' -v 'ind intestinal carriers arc quite rare and Forsbeek and HolloiF 
cast* doubt on the existence of a purely intestinal carrier. Entirel.r 
•} ifr'irv standards, set iip by munerous state public health de- 
by ^ ‘ • jii-e classed as convalescent or chronic, depending 

partmems, cai i excrete the organisms. iMany patients, after 

on llie '‘’"" '/’ i s liarbor the germs in their gall bladders and thus 
an attack of tn ’ as long as six or eight months. These 


hav 


, , creen' University of Michigan Hospital. 
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often become spontaneously Bacillus Ujpliosus free and are called con- 
valescent carriers. Chronic carriers ai'e only those people who show 
the presence of the microbes for a j'ear after the infection. In ilissis- 
sippi'* an individual is placed as a permanent or chronic carrier only 
after at least two positive cultures have been obtained as late as one 
year after the onset of the disease. Once the term chronic is substi- 
tuted for convalescent, the person becomes a marked man, for, as 
Gowen° puts it, once a chronic carrier, always a chronic carrier, unless 
proper treatment is given. 

Perhaps one might argue that as long as there is such a marked de- 
cline in the number of cases of typhosus, there must be very few car- 
riers remaining. This is not aetuallj' the fact and, instead, carriers 
are much more prevalent than is realized. In 1936, there were 361 
names of carriers on the typhoid registry in the state of New York, 
exclusive of New York eiti'and state institutions; Stebbins® estimated 
that, in all probability, the number 5,000 would be nearer the truth. 
Bigelow and Anderson.' in 1933, found tha1 there were only seventy- 
five registered carriers in iilassachusetts. but they thought that the 
number should be in the vicinitj' of 1,100. In 1938. a careful survey 
of the typhoid status in iMi.ssi.ssippi was carried out and Gray'* esti- 
mated from this that there were about 5,991 carriers, or 288 for every 
100,000 people, in this state. At the present time in Michigan, we have 
275 cases on the typhoid registi’y but from the above work ive can 
.speculate that in rcalitv there should be around 3,600 designated cai*- 
riers. This number may be somewhat too high but when one eon.sidors 
that from 2 to 4 per cent (Gai-bat®) of all typhoid fever patients be- 
come permanent carriers, it is not an impossible one. ilost of the 
recent work (Gray* and Stebbins and Reed®) reveals that with modern 
methods of following typhoid cases for their release, the incidence of 
the carrier state is one out of every thirty or forty cases, or, roughly 
between 2 and 3 per cent. An intere.sting study along these lines was 
carried out by Stebbins and Reed.® They found the incidence of 
typhoid fever among household contact of carriers was forty-two times 
that in the general population, and also that the attack rate among 
unvaeeinated household contacts of carriers was five times that of 
vaccinated contacts. 

Methods of Detection of Carriers . — In order to eliminate and control 
those unfortunates who are carriers, we must identify them. There 
arc four mejhods by which this can be and is accomplished. The first 
and tnost common is by requiring negative stool and bile specimens for 
release of all recovered cases; the second is by the routine examination 
of urine ami stool specimens from all food handlers; the tliird is by 
epidemiologic investigation of all sporadic eases of typhoid fever; and 
the fourth is by routitie examination of fecal or urine specimens from 
patients suffering from other illnesses aitd by culturing of bile from 
all gall bladders removeil by oj>cration. 




I'flix stiitf', tliiil tlic cxisti-iicc (if j, earlier in a jilaee v.liere liis or 
tier iire.seitiM. is a iierninneiii (innirer to the ediiinmnit v nearlv ahvavs 
iTinnins nnknown until tin- ontl.n-ak o.-eiirs. Xtinn'roiis nVei.t arl- 
vanee.s in the liaelerioloiric ai»proaeli to tiie diseovery of earners- have 
lieen oi yieat aid, Heteetion is laeiJilaterl hy the [iraetieal ajijdiealinn 
or selective enrielmient of eidtnre media as in the selenite K. niediiini 
of la-ifson“ in V.liieh tile typhoid l.aeilliN niiilliples dnrintr the fir.st 
tweiily-lonr lionrs on incnhation uliile most other inte.slinal oreanisins 
ate inhilnled. <)| even greater value has heeii the introduction of the 
hisnuith .sidtite plntiin: niediiim of Wilson and I5lair,'=- ' ’ and the 
desoxj elndate-cit rate -jdate of Leifson.” ’I'hese nteilia inhihif uraiii- 
positive liaeterin as well as many of flie t'rani-neirafii-e inle.s-tinal hneilti 
Nvliioli always aeeinnjiatiy the typhoid onranisnis in the feces. 3Iohilc 
<iiai;Hostie lahoratories to decrease the interval of time between tlic 
.selection oi the sjieeinirni atnl tlie im;>]antal ion of it on eidfnre media, 
are now in use in some states (tJowmi'). Isvmi with the improved 
tindhods, tin* isolation ot tytdioid haeilli from I’eees is a lahorions, ex- 
])en.siv(', and iineerfain procedure. There i.s al'vays tlie jinssihilify of 
the inli'finitteney ol excretion of tyj)hoi<l haeilli hy the chronic fecal 
carrier. 'I’his eliaiiee for error is minced markedly ttionjudi, hy tlie use 
Ilf eatliarties, e.sjieeiaily mairnesiiim sulfate, and examination of mate- 
rial from the second and third movements. 

A new .sendooie apjiroaeli to flii.s .snl).icct was opened when Felix 
and l’ilt.'“ in 1034, deserihed the Vi antifren of llie typhoid bacillus. 
This antiffcn is present in all virulent fyplioid enitiire.s. lienee the dcsi"- 
nntioii Vi or virnlenee nnlisren. Blmlnaper"’ found tliat during an at- 
tack of typhoid fever the Vi antibody appear.s in Die serum at about 
the same time or .somewhat later than the O and If antibodies and per- 
sists for a briefer period. According to this author it is demonstrable 
in all cases of typhosus if the te.st is made at proper intervals. Felix'" 
found that the Vi agglutination reaction is a srood test to nse as an 
aid in tlie detection of elironie typhoid carriers and he strongly recom- 
mends it. The frequency of a positive Vi reaction in carriers is high 
and is independent of the intermitteney of haeillary excretion in the 
feces. For example, one of his patients with an old, apparently healed 
tvnhoid empyema who had had a previous rib resection gave a positive 
Vi a""lntina'tion although no bacilli were demonstrably excreted. The 
• ' of this procedure is a good way to select probable carriers out of 
. of suspects because in some instances, a positive stool culture 
"hiMined onlV intci-mittenlly and then the growth may be very scanty. 

IS Oi)i< ‘ H-nUis of B typhosus were isolated from chronic ear- 

Twcnty-livo st 

riers and a .r.„sitive in chronic carriers but the Vi agglutination 

may or niay no accurate according to Felix,'" Eliot,” 

reaction is more ' authors all conchide that the presence of Vi 


and Bhatnager.' i — 
antibody in a person la 


the suspicion of some focus of typhoid 
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infection. Also, the clinically and bacteriologically recovered case, the 
inoculated person, and the individual with a negative history are alike 
in that they usually fail to show Vi agglutinins in the blood. 

Methods of Treatment . — ^In 1907, Dehler’^^ performed a cholecystostomy 
and in 1908, Grimme" reported a case in which a cholecystectomy was 
performed for the purpose of curing a carrier. Since this time Grim- 
me’s method has become the most generally accepted one and it offers 
the liest chance of cure. In 1935, Gulbrandsen^® reported that four 
cases of twelve carriers were rendered free of B. typhosus by deep 
roentgen therapy over the gall bladder. Lampe,"* in 1937, and Elson 
and co-workers,^- in 1937, were unable to obtain many cures in their 
series treated by irradiation. Lyon,=^ in 1932, reported the case of a 
tjTihoid carrier who persisted as a earner folloiving cholecystectomy 
but who was found to be free of the oi-ganisms after a prolonged course 
of treatment by means of the duodenal tube. 

Until 1930, there were no drugs which offered much in the way of 
satisfactory results in those cases. Onodera, iMurakawa and Liu,^'* in 
1931, reported no growth of B. typhosus after twelve to twenty-four 
hours of exposure to the dye tetraiodophenolphthalein, in 4 to 6 per 
cent solutions. In cholecystography it is known that a comparable 
concentration of this dye occurs, for when the concentration reaches 
5 to 7 per cent in the gall bladder this organ can be visualized by x-ray. 
Following this line these observei's injected usual closes of dye intra- 
venously in a series of seven tj-phoid carriers. Of this number, three 
wore free of typhoid bacilli in one month’s time but no complete follow- 
up was apparently carried out. Sangiorgi and di Pierro,-’ in 1937, 
carried out experimental work injecting cultures of B. typhosus into 
laboratory animals and then ti'eated them with iodophthalein. They 
concluded that this was a possible way of sterilizing the gall bladders 
of chronic typhoid carriers. Ottenberg,-'^ in 1933, using a mercury 
fluorescein derivative, flumerin, cured the carrier state in one out of 
three patients. lie believes it possible to abolish the organisms rvith 
flumerin provided that gall bladder is functioning as revealed by 
chnlccystography. 

Saphir and Howell,-' in 1940, tried a series of conservative measures. 
includiuE: the use of sulfanilamide, on a carrier of B. paralyphosus A, 
but could not effect a cure. This same patient, given an oral admin- 
istration of soluble iodophthalein. responded by .showing an immediate 
disappearance of the paratyphoid A organisms from the stool. Ec- 
peated stool examinations extendins over a seven months’ observation 
period remained consistently negative for these serins. On the other 
hand, they coueluded that the results as to baeteriologic study in vitro 
concerning the hacteriolosie action of the dye on the bacilli of the 
paratyphosus group ilid not entirely explain the curative action in a 
human carrier. In their case they u.sed a dose of 4 Gm. of the dve 
orally three times in eight flays and then once per week for one month. 



SI’JKJKIJY 
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liiiiiiJit n 1 1 iitl\ MiMl ) rrjmrh’d a casr i>r /i ca frier wfio was' 

a/.})ar.atly 1 l,y llie .nelim.l, In.t a coiaplofc 

I'lifcK tin tfir, ease iuiv; iH,t yel lu-en riinife. 

.‘^apiiir ’ and ins eo.wtirkers stuilieil a lame series (‘f tyjilioid carriers 
and rep.irlcd, in I'ipj. tliat mit .iC sixtydive individuals treated by 
int mis t)f snlnlilc iniiiijilitlialein, the Idle was sterilizotl in twenty-one, 
ni per cent, til |in. cases; however, only (ivc, or 7.(i jier cent, of 
the seriis were eiireil o| [he carrier state. Cuttint: anti Ftoiison.'"' also 
in I!< (i. treated six (dn-iinie earrit-is with tliionyl, phenothiasine, solnhle 
iiidt)]iiii'thalein, sultai;nanidine and snli'.adiazine. hut ohtained no cures. 
On the other liand. Levi and Willcn-' have a ease of a eonvalcseent 
carrier of five months duration who was ojieratei] ufion and a cliolecy.sf- 
ectoniy ami appendei-ttaiiy ihini*. lie was not cured liy a ])reoperative 
trial oi iodoplithalein and even one month IVdlowinir surirery, his stools 
Were .still positive. Alter a course of siilfai’iianidinc (0.0.') Om. per 
Uiloirram of body weight every cijrht hours for a weel-A the stool eid- 
ture.s hecame nctrative. Several mairiiesium sulfate induced diarrhea 
.spi'cimens have also heen negative and this ji.aticnt will probably re- 
main II. This ca.se docs not produce jiositive evidence 

tliat sulfatruanidinc i.s of use in the (rcatmen! of (yjihoid carriers be- 
cause. first, the p.alicnt was a convalescent eari-ier and. second, because 
he was itivcn the course of the druir only one month followiii" his 
operation. In many cases the stools l)eeame ncLrative if a lontrer period 
of litiie was allowed. On the other hand, tbouirh. this case suggest.s 
that sulfatruaiiidino may be an aid in hasteninir the development of 
negative .stool cultures following eliolecysteetomy. 

Is'rveral of our cases have been given from one to four doses of iodo- 
j>hthalein without any change in the carrier state. One of our patients 
was given 12 Gm. of sulfaguanidine a day for seven days, but the stool 
culture remained positive. Several others were given an incomplete 
eour.se of .snlfathiazolc and sulfanilamide without any change in the 
carrier status. The po.ssibility llmt the new group of sulfonamide 
driu's may have .something to offer in the treatment of chronic biliary 
tvpboid carriers should be kept in mind and final .iudgment reserved 
until such a time as they have been given an adequate trial. 

licltttionship of BUc Cultvres to the Corner State . — The importance 
' lul nccc.ssity of obtaining adequate samples of bile for culture both 
fore and after operation have been stressed by Forsbeek and liis co- 
.pors Because of the work of Garbat,® who feels that about 15 per 
"”VTcavviers, ebronie and convalescent, have negative stool cultures, 

^ ^ ir' 1 that all eases have at least one negative bile specimen fol- 

Mlleevst'cctomv before they are released as cured. In JKchi- 
lownig enow j various 

can we oecnsionally it is impossible to obtain posfopera- 

unfoi'Oseen (U^ ’ released the carriers with 

live bile specimens. ‘ tive stool specimens. This should not be 
only twelve eonsceutne ue.ai 
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the general practice however. In obtaining the bile speeimen.s, one 
must remember the points stressed by Forsbeek and Hollon;^ namely, 
the bile specimen must be clear, amber, viscous, and alkaline, must be 
obtained following stimulation Avith magnesium sulfate, and must be 
protected in buffered broth on its ivay to the laboratory. Eeliance on 
cultures with a pH below 5 is poor, and cultures of infected bile speci- 
mens Avith a pH of 2 or less after thirty seconds jueld no groAAffh. Bile 
in gastric juice changes color rapidly and hence this characteristic 
.should be recorded immediately. In general, the color changes from 
blue-green to green, to yelloAv, to amber, Avith decreasing acidity of the 
mixture. Thus, shades of jmllow may be satisfactory and amber usu- 
ally is, for baeteriologie examination. 

PRESENT ELIGIBILITY CRITERIA FOR OPERATION AND RELE.VSE OF CHRONIC 
BILIARY TYPHOID CARRIERS IN MICHIGAN (COLLER AND CO-AA'ORICERS^®) 

A. Eligibility criteria for carriers to be operated upon primarily for 
cure of the carrier state. The per-son mu.st be : 

1. A chronic carrier. 

2. A bile carrier. 

3. A good surgical risk. 

B. Eligibility criteria for release after choleey!;tectomy. 

1. Tivelve consecutive feces specimens obtained at monthly inter- 
A’als following operation and examined in a laboratory approved 
by the Michigan Department of Health shall be negative. 

2. One bile specimen obtained during the year after operation 
and considered sati.sfactory for examination by the Michigan 
Department of Health shall be examined in an approved labo- 
ratory and found to be negative. 

Results of Cholecyst cctomy in Michigan Scries. — Since the eighteen 
eases reported bj' Coller and co-Avorkers,^“ in 1937, aa'c haA’e had the 
opportunity of studying and additional .seines of twenty-one ncAi- chronic 
iiiliary typhoid carriers. Before operation, we obtained bile specimens 
on all but tAvo of the series and of this number, all but one, Avhich Avas 
too acid for a satisfactory culture, Avas reported as po.sitiA-e. In eA’erj* 
instance, a culture of bile Avas taken from the gall bladder at the time 
of its removal. Also, at least one positive stool culture Avas obtained 
from each of the lAvcnty-one eases. Thus, in this series, it Ai-as defi- 
nitely proved that every person Ai-as a chronic typhoid carrier of the 
biliary type. Of this number, all but two Avere operated upon by mem- 
bers of the rniversity Hospital staff at Ann Arbor. In all of these 
eases the oiieratiou Avas performed primarily for a cure of the carrier 
state and not for symptoms of frail bladder di.sease, though the latter 
did exist in eleven of the tAventy-one eases. 

In this series, ages of the patients rajiged from 11 to 59 yeans. Avith 
the average being 41 .vears. There Avere nine men and tAvelve AAomen. 



Table I 

Typhoid Carriersj Treated by Ciiolfcysti- ctomy Sin’ce 193C 
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Tije nvorngc ago for the males was 38 years and for the females, 43 
years. Wc were unable to obtain a hisloiy of previous typhoid infec- 
tion in four of these; hou’ever, in the reJiiaindcr, the interval between 
the infection and the operation vai-ied from one to twent 3 ^-seven years, 
the averaf^c being- eight and onc-lialf years. 

In each in.stajice the gall bladder was examined pathologically after 
its removal and in every case, evidence of .some degree of chronic in- 
flammation wa.s found. Three specimens were designated as showing- 
slight chronic cholccj'stitis, twelve as moderate, and six as severe, 
active chronic choleeystiiis. The presence of hypeiplastie rudimentary 
hmiphoid follicles in the papillae of the gall bladder mucosa, as de- 
scribed first bj'- Jtfalloiy and Lawson."* was a very common finding. 
There were stones found in sixteen, or 76 per cent, of the group. Bots- 
ford'** reported a case in which B. ipphosiis -was cultured from the 
center of a gallstone 2 cm. in diameter, removed 43 yeai’s after the 
patient ’s original attack of t.^g)hoid fever. 

The study of the function of typhoid gall bladders, as exhibited by 
their ability to concentrate the d.ve tetraiodophenolphthalein, is of in- 
terest. We obtained preopei-ative eholecj'stograms in fourteen of our 
twcntj’--one cases. In not a single instance did we obtain a report of 
7iormaI visualization, although Hanssen^^ reported that four out of six 
eases that he studied showed thi.s. Instead, faint visualization was 
recorded in four of the patients and nomdsualization in the other ten. 
Although there was cholelithinsis in ten cases x-rayed, in only one was 
a stone visualized by eholeeJ'stographJ^ If all cases of chronic biliaiy 
tvphoid carriers fail to eoneentrate the djm to any greater extent than 
is showJi in this group, one can readil.v sec that a method of treatment 
as described by Onodera and others^* will have its limitations. 

We feel that sixteen of our series ai-e definitely cured of the carrier 
state though we do not have release bile specimens on all of them. 
Three additional patients who have had their operations quite recently, 
have not been disehargecl from the hospital long enough for any posi- 
tive opinion to be formed as to the final result. However, in each of 
these instances, the first several stool specimens have been negative 

id we feel that they also will, in time, he classed in the cured group. 
f)”ftHns these three individuals, then, we have a percentage cure of 
98 q nei- cent Considering these other three as cured would only tend 

,;,.fsethe*ov.peree..t»gctom5 p«. ce.,t , , , „ 

intimits are, without a doubt, not cured and probably 

belong to ^ fggted'" In both, the postoperative bile .specimens were 
the liver are ni reported a ease where cholecystectomy 

positive. 0- g^ate. In this instance reoperation revealed 

failed to cure t w ea of infection in the common and hepatic 

stones which ‘ j w removal of tlie .stones and drainage of tlie 

ducts. Acurewasinstitutea 
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common dnet. In one of our tivo failures, at the time of operation, a 
choledochostomy ivas performed but no stones were found. A total of 
twenty bile specimens was obtained before withdrawal of the T tube from 
this person ten months later, and all were positive. This man had the in- 
fection only two years before operation but his gall bladder was one 
of the group which showed evidence of very severe active chronic 
cholecystitis, although it contained no stones. Our other failure had 
the infection twenty-six years previously and his gall bladder showed 
chronic cholecystitis as well as the presence of stones. He had no 
sjnnptoms before operation and it is doubtful if exploration of the com- 
mon duct would have much to offer in his ease. 

Prom an analysis of the reports on the stool cultures obtained after 
operation in the cured group, we found that there appeared to be two 
types of chronic biliary typhoid carriers. One in which the gall blad- 
der alone is the focus of infection, the other in which there are appar- 
ently smaller additional foci in either the intestinal or biliary tracts. 
To the former class belong those cases wlierein the stool cultures be- 
come B. iypliosus-iree soon after operation ; eleven of our sixteen eases 
fall into this category. Hei’e the stool cultures were negative within 
one to thii'tj’- daj's followins cholecystectomy. To the second class we 
ascribe those cases in which thei-e is a marked delay in obtaining nega- 
tive stool cultures. The remaining five cured carriers should be classed 
here. These produced positive cultures from 102 to 267 days following 
surgery. Apparentlj', here the additional foci were freed of typhoid 
liacilli by the powers of the body alone after the major som-ee of the 
infection, the gall bladder, had been removed. Coller and his co- 
workers" reported one ease in which the feces became negative and 
remained so, but not until 308 days following cholecystectomy. In 
those patients who have persi.stently positive stool specimens following 
operation, we suggest a trial of sulfaguanidine or one of the other 
sulfonamides in the hope that it may hasten the destruction of any 
remaining typhoid foci within the inte.stinal tract. 

Numerous other authors, namely. Haaland and Haaland,^^ AYhipple," 
Bigelow and Anderson,' Senflner and Coughlin,"' Deibert,^® and Hanssen^’ 
have followed the results of eholceysteetomy as a method of cure for 
chronic biliary typhoid carriers. All have reported series of cases and their 
cures range from 68 to 100 per cent. IVe feel that our average of 88.9 
per cent compares favorably with their figure.s. In this series of twenty- 
one eases and also in the previous group of eighteen eases reported in 
1937. there have been no fatalities. We feel that this is an important 
faet to bear in mind, especially wlien trying to convince a carrier, who 
has no symptoms, that lie should submit to operation, So far as we 
ean detoiminc, ibete is no way in wbieb one can positivelv free a person 
from the carrier state, but eholceysteetomy definitely affords the be.st 
and most certain method. In addition, the high incidence of gall hind- 
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floi- ch.sea.se iwd f-allKfoiie.s in this type of case usually iuake.s the pro- 
ceclurc a henefil to the palieiil’s general physical condition as well as 
a blessing to the .security of his iieighbor.s. 

.sraufARv 

^ 3. I he earriei' stale was cured by choleejsstecloniy in sixteen out of 
eighteen ease.s, giving a percentage of 88.6 per cent. 

2. It we include three additional apparently' cured ease.s, the value 
will be raised to 90.5 per cent. 

3. The cured cases fall into two group.s, one in which the feces be- 
come rapidly negative after operation, and the other in ndiich the stools 
remain positive for a much longec- time. 

4. No deaths occurred in our twenty-one cases. 

5. Cholecystectomy affords the best method of treating the chronic 
biliary typhoid carriers. 
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CLINICAL EXPEHIENCE WITH SODIUJI CHLORIDE 
REPLACEMENT 

I'lJAXK H. PoWKK,*^ M.D., SvEKD PEDEIiSEX,! jM.D., AXD 
Wal'x'ek Cl. JIaddocic, j\I.D,, Axx Arbor, i\IiCH. 

(•From ilw Drimrlmrnl of Surf/cnj of the Univenift/ of AlicMffan) 

I 'III'j impovtanec of I'estoriij" sodium chloride to patients who have 
lost ap])recinhle amounls of that substance requires no further 
einpliasis, and all roceni effoits have been directed toward its administra- 
tion accordinjr to the needs of the individual patient rather than hy 
routine orders. In previous publications,’"* simple rules designed to 
assist one in administering jrai’cnteral fluids to surgical patients have 
been presented. They are as follows : 

1. To rc.itorc sodium clilorklo lost prior to liospitalizotion, give 0.5 Gm. of salt 
per hilograin of body weight for each 100 mg. that the plasma chloride level needs 
to be lai.sed to reach the normal of 500 mg. per cent. 

2. To vKiottaoi the normal sodium chloride level while abnormal gastrointestinal 
fluid losses are occurring, give a volume of Ringer’s or physiologic saline solution 
equal to the volume of ga.strointe.stinal fluid lost. If gostrointestinnl suction-drain- 
age is instituted, 1000 e.c. of Ringer’s solution should be given during the first 
day to prevent an initial depletion of body electrolytes. Thereafter, follow the 
volume-f or-volume replacement, but a minimum of 500 c.e. of Ringer ’s solution should 
be given each day of such drainage, although the gastrointestinal fluid loss may 
be less than that amount. 


Since these rules tvere pulilished, we have had an additional period 
of experience with their practical application. It is the purpose of this 
paper to present the results of tliis experience. 

Tlie twenty-three patients studied were admitted to the hospital with 
depleted body electrolytes, most commonly as a result of vomiting. Their 
initial weight, plasma chloride value, carbon dioxide combining pow’er, 
and in some instances, other blood chemistry studies, wmre determined 
shortly after admission. Ringer’s solution for replacement of the sodium 
chloride lost prior to hospitalization was administered according to the 
'^linical rule of giving “0.5 Gm. of salt per kilogram of body freight for 
^ 1 100 nm. that the pla.sma chloride level needed to be raised to reach 
• l^of 560 mg. per cent.” Gastrointestinal fluid losses wliile in 
the compensated for by daily administration of Ringer's 

the hosp “volunie-f or- volume’’ rule. The patients were 

solution acOTi o determinations of body iveight, of plasma and 

then followeci , carbon-dioxide combining powers, and of any 

urine clilontles, oi i 
abnormal fluid loss. ^ 

chSiris*. 
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It has been pointed out® that since tlie surgeon is generally dealing 
irith upper gastrointestinal tract losses, the chloride loss is practically 
always greater than the sodium loss, hence the use of this plasma chloride 
level as an index for the replacement of both these ions is reasonable for 
the great majority of surgical patients. 

As in our previous .studies on sodium chloride replacement,®' * it 
was soon apparent from the results, that these patients fell into two 
group patterns. First were those of good or fair general condition, 
whose illness was of relatively recent origin, a few days to thi’ee weeks, 
and whose electrolyte deficiency had resulted from recent or acute upper 
gastrointestinal tract fluid losses. The second group was made up of 
patients who suffered from a more prolonged tj'pe of illness with conse- 
quent poor general condition and lowered electrolytes because of a 
chronic dietary salt deficiency or gastrointestinal tract fluid loss. 

The re.sults of administering Ringer's solution according to the clin- 
ical rules to the patients of good or fair general condition are shown in 
Table I, and they were satisfactoiy in eleven of the thirteen cases. The 
plasma chlorides approached the normal value, there was no undue gain 
in weight, no development of edema or excessive urinary chloride ex- 
cretion. While the plasma chlorides did not always reach the normal 
plasma chloride level of 560 mg. per cent, they were above 520 mg. per 
cent in the majority of eases. It should be more generally realized 
that the normal value of 560 mg. per cent cannot be reached during 
many acute ilhiesscs, and that a value above 500 mg. per cent is a satis- 
factory level for many seriously ill patients and should never be a cause 
for great concern. The most unsatisfactory result in Table I, that of 
patient 35, shows a lower plasma chloride at the end of the study tiian on 
admission. The facts reveal where the administered salt went. lilore 
than one-half of it was excreted in the urine and much was retained witli 
water in the body, the I'ctenlion being shown by the fact that the patient 
kept up his body weight for the eight days of the study, while he should 
have lost 3 to 4 kg. because of an in.sufficient calorie intake. The pa- 
tient's plasma pi’oteins were normal and no explanation is offered as to 
why this abnormal handling of the salt took place. 

In Table II the results arc given of administering Ringer’s .solution, 
according to the clinical rales, to the patients of poor general condition 
because of a prolonged illnc.s.s. The.sc patients often did not have a 
history of recent, severe vomiting and their lowered pla.sina ehloi'ides 
from their history seemed to have re.sulted from a long-.standing or 
chronic sodium chloride dietary deficiency or loss. Only patient 24 in 
this grouji responded in an actually satisfactory manner, the final plasma 
chloride level being .520 mg. per cent. The remtdning si.x patients 
showed increasingly unsatisfactory results, there being little or no im- 
provement in their plasma chloride level. Five of the six patients gained 
weight, patients Id and 3 retaining water and Salt to the point of gen- 
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noma of stonmeli oped general edema. Total 

piastmi protein -1.0 Gm. % 

if/itji oiil.v elren. 



442 


SURGERY 




PO%\TER ET iVL. ; SODIUM CHLORIDE REPLACEMEKT 


443 


eral edema. A low total plasma protein was an important background 
for the water and salt retention and consequent gain in weight for pa- 
tients 7 and 18, but water and salt were held by patient 39, whose total 
plasma proteins were normal. This latter combination has been noted 
before.^’ ® The importance of sevei'e sepsis as a factor setting the stage 
for edema is shown by patient 10. It is apparent that when the factors 
establishing the background for the development of edema^ are present 
(general malnutrition, low plasma proteins, sepsis of all t 3 "pes, severe 
hemorrhage, profuse serous drainage, severe renal or hepatic damage) 
anj’ amount of salt solution is likeh' to be handled abnormallj’^, and if the 
amount called for b.v the clinical rule is large, as for patients 10 and 18, 
edema ma,v be expected. In the clinical handling of the sodium chloi’ide 
needs of the seriousl.v ill group, caution is needed and an unsatisfactoiy 
response is not surprising. Before deciding that a patient with low 
plasma electrolytes and poor general condition from malnutrition and/or 
sepsis needs a large amount of saline solution, the possibilitj* of a poor 
response and edema production should be considered and the salt ad- 
ministration accordingly modified. 

In the course of this study the question was raised as to whether the 
patients of poor general condition would have better results if thej’^ were 
given more salt than the amount called for b.v the clinical rule. Prom 
previous experience we thought the reverse would be true, but as a trial, 
additional salt was given to four patients whose previous response had 
been umsatisfactory. The data are .shown in Table III. The additional 
salt given was calculated by a reapplication of the clinical rule, using the 
patients’ previous weights and plasma chloride levels. In no instance 
did the further administration of Binger's solution appreciablj’ improve 
the patients’ original responses. The plasma chloride levels were not 
materially increased, and the patients either gained more weight or ex- 
creted large amounts of sodium chloride in the urine. It is definitely our 
impression that the clinical rule for restoring sodium chloride previously 
lo.st does .supply a .sufficient amount, and that the failure of the plasma 
sodium and chloride level to approach the normal is due to abnormal 
retention of the salt and water in the bocB' or to the excretion of the salt 
in the urine. We have observed tliat if the patient’s general condition 
improves, as b.v better nutrition or a lessening of sepsis, abnormallj- re- 
tained salt solution sliifts, the ])lasnia chloride increases to normal, and 
excess salt and water are excreted by the kidne.vs. 

simsiARY 

A study was made to determine the value of two simple rules de- 
veloped for the administration of projicr amounts of .salt sodium to 
surgical ])atients needing water and sodium chloride. It was found that 
the replacement was satisfactory in the jiatients of good or fair general 
condition who had suffered an acute or recent loss of gastroinrc-stinal 
fluid. Ihitienis who had a more chronic illness and whose general eon- 
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BODY FLUID STUDIES IN EXPEEWIENTAL OBSTRUCTION AT 
VARIOUS LEVELS OF THE GASTROINTESTINAL TRACT® 

W. E. Abbott, SI.D,, akd Robert C. aiEOEORS, Ph.D., Clevelakd, Ohio 

(From the Departments of Snrgeiy and Biochemist) if, School of Medicine, 
Western Beserie Uniicrsity) 


T he purpose of this paper is to sum up briefly the changes in body 
water which occur in dogs after the gastrointestinal tracts have been 
obstructed at various levels. 

When one goes over the vast amount of literature on intestinal ob- 
struction, many views are found as to the presence and the extent of 
dehydration. Slueh of the misunderstanding has arisen because of 
the failure to differentiate shock caused by marked intestinal disten- 
sion or strangulation, from simple dehydration.^ 

In our study the plasma volume was measured by means of the 
Evans blue dye, or T-1824 method, as described by Gregersen and 
Stewart.® The available fluid, or roughly the extracellular fluid vol- 
ume, vas determined by the sodium thiocyanate method as described 
by the same authors. In calculating the total amount of circulating 
plasma protein the plasma volume was multiplied by the protein con- 
centration per cubic centimeter. 

The intestines of anesthetized dogs were obstructed by tying a gauze tape 
securely around the hovel, so as to occlude the lumen, but not tightly 
enough to produce necrosis. In some instances the animals were allowed 
food and v atcr. Dehydration and death occurred more rapidly the higher 
the lc\ el of obstruction and the earlier vomiting occurred. 

Shortly after control studies were performed pyloric obstruction 
vas iirodueed Dehydration occurred rapidly, largely oving to the 
water and elcetrohtc loss caused by vomiting. 

In Fig. 1. the ])!asma volume and a\ailablc fluid volume in per cent 
of normal aie shovn at various periods of time, in four dogs with 
pyloric obstruct ion. The plasma volume after one to three day.s of 
obstruction \ ailed Irom 61) to 86 per cent of normal, and the extra- 
cellular lluid Milume between 75 and 95 per cent of normal. The 
tiguics ill the columns represent the actual amount of fluid lo.st in 
euinc centimeters Determinations of the hematocrit, hemoglobin, and 
jiliisma protein eoiiecntrations were also made, and although they indi- 
cated plasma dehydration, they did not reflect the actual loss of the 
plasma Milume The second part of Fig. ] shows the changes found in 
dogs with the up])ei' portion of the .ie.iumun obstructed. The plasma 
and evlraeelliilar fluid volumes show changes which eorre.spond sonic- 


I»r« 


:i Krinl from Urn .lolm nn.l >Iir\ I> MirKO' roiimlntlon 
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(lit ion was ])oor frcfiuently failed lo niilize the sodium chloride in a 
norinnl fashion, jnoi'c commonly depositing llio salt and water in extra- 
vasevdar coinjiartmcnls and, tluis, not increasing their plasma electro- 
lytes to normal. Less frequently, they excrete the salt in the urine. 
The additional administration of salt to the_ group in poor general con- 
dition was useless, since it sim])ly increased the abnormal responses. 
To patients with the common factors .setting the background for edema 
(genei-al mahmlrhion, low idasma proteins, sepsis of all types, severe 
hemorrhage, ])rofnse serous drainage, severe I'cnal or hepatic damage) 
more than moderate amounts of saline solution should be given with 
caution. 
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In Fig. 2 the results are shown when the terminal ileum was ob- 
structed. The plasma volumes ranged between 50 and 95 per cent of 
normal, and the extracellular volume from 64 to 98 per cent of normal. 
The greatest measured body water loss exceeded 2,500 c.c. Here again 
the rate of dehydration was rather slow unless the animals vomited. 
The first dog represented attempted to eat food and to consume large 
quantities of water. Abdominal distension and emesis occurred early 
and the dog died shortly after these studies were obtained. The third 
dog, on the other hand, took very little food and water. He vomited 
occasionally during the first three days and then rarely afterward. 
Following this, he took only small amounts of water and relieved the 
abdominal distension by eructating gas; thus he dehydrated very 
slowly. This dog lost a great deal of weight due to starvation, and 
after an initial rise in the hematocrit, hemoglobin, and total circulat- 
ing protein levels, these values showed a gradual decrease due to mal- 
nutrition. The fourth and fifth dogs were not given food or water, 
and thus dehydrated slowly. 

After observation of the third dog in this series, we decided to study 
normal animals in which water and food were withheld, thus deter- 
mining to what extent the restriction of food and water contributed 
to the dehydration in the obstructed dogs. 


DOGS WITHOUT FOOD OX WATER 



Klc. 3. 


Fig. 6 shows tbe diminished plasma volumes and extracellular fluid 
volumes in these animals whi<di went without food nr water for from 
three to seven days. Tlie amount of total eiveuUUing protein lost over 
this peri<H! of starvation varied between 10 and 32 per cent. 



44U 


SURGHBY 


wliat to tlie ones seen in tiie dogs %Yit]i pyloric obstinction. TJie fiist 
dog received food and water; vomiting occurred more frequently and 
tlie animal dehydrated rapidly. The second dog was not given food 
and water; vomiting did not occur until later and the loss of body 
fluids occurred slowly. 
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volume associated ivitli peripheral eirculatorj* collapse, ivliicli may be 
superimposed on the already existing dehydtation. Thus, a diminished 
fluid intake, increased fluid loss, and shock, or a combination of all three, 
might exist. This accounts for the fact that animals and patients shoiv 
such M-ide variations in the coui'se of the disease. The rate of develop- 
ment and the seveiity of the sj-mptoms, thus, depend largely on the 
amount of food and liquids consimied, the presence or absence of stran- 
gulation, the degree of di.stension and the extent of vomiting, and the 
level and degree of obstruction. 

The hematocrit, hemoglobin, and protein determinations, rvhile they 
frequently indicate directional changes over short periods of time, can- 
not be used quantitatively to deteimine plasma or blood volume changes. 

Another important finding rvhieh we have also observed in human 
eases is the diminished total circulating proteins due to malnutrition, 
even though the hematocrit and protein concentration are normal. Thus, 
in eases of carcinoma of the stomach we also have observed plasma pro- 
tein concentrations which were normal, although the total amount of 
circulating plasma protein was decreased, as much as 45 per cent hr 
one case, because of a diminished plasma volume.® 

The animals which were allowed to go unchecked until death occurred, 
all showed the pathologic changes found in shock, which have been well 
de.scribed by Moon and Morgan.' These included hemorrhagic changes in 
the upper portion of the small intestine, edematous and hemorrhagic Irmgs. 
and congestion and hj-peremia of the abdominal organs. In none of 
these experiments was perforation of the intestine with an associated 
peritonitis present. 
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From these experiments, Ave feel justified in heiieA’ing that in in- 
testinal obstruction, dehj'^dration might occur due to cither insufficient 
intake of food and Avnter, or to the loss of Avater and electrolytes. 


DOGS V/ITH COLONIC OBSTRUCTION 
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•Duration, of ©“bstruction m days. 

Fig 4 


Fig. 4 sliOAVS the results on dogs Avith colonic obstruction, Avhicli Ai'ere 
alloAved food and Avater. They shoAimd practically no dehydration 
until after one Aveek. These dogs usually refused food and Avater after 
the fourth to the sixth day. They shoAved a marlced Aveight loss in the 
second AA^eek of illness as a result of malnutrition. The total amount of 
plasma protein and red cells decreased, although tliey often shoAA'ed 
normal or slightly high concentrations due to a diminished plasma 
Amlume These experiments indicate that seA'ere dehydration may 
Tcur if colonic obstruction is present for sufficient time. In the earl.A- 
!+no-e dehydration progresses as in the stained animal, Aidiile later 
vomitino is superimposed and the rate of liody Avater loss i.s niorc 
• s Clinically, patients Avith colonic ob.struction are not often 
precipi 01 . dehydrated because the ob.struction is often partial, and 

tupv usually enter the hospital prior to the time if oeeiir.s 
because they usudii.i 


coxcnusiox.s 


„ p can conclude that experimental intesfinal obsti uc- 
Tn summary, ^e < dchydialion, provided the condifion 

tion at any j,ddition, from the observalion of othci-s,-' ^ 

exists for sufficient .,,^1 „,,j.kcfl intestinal distension, orstrang.i- 

asAvellasouroAvn,AAe of the ])lasma 

latiou of an intestinal 1001, . 
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which depress or block perception of pain, these agents disturb the 
phj'sioiogic functions of respiration and circulation. Pure drugs of 
known action, the gift of the pharmacist, could not be used effectively 
without knowledge of why and how we breathe and why and how the 
heart beats. Vesalius and Haiwe 3 ’, Borde and Lower, Priestlej’' and 
Lavoisier, Bernard and Bert, and a host of modern scientists were 
necessarj*. Physiology' and pharmacology had to be born. It rvas neces- 
sary to know the effects of dings on phj-siologic function. Opium and 
hyoscyamns were made safe by the acquisition of this knowledge, along 
with the technical skill in dosage and supervision of respiratory de- 
pression. 




PlR. 1 — A". C.<ti>rn.nl nliiio.ijTiRire. }'. tl.«siio c*-!!: .t, 
lory : C. cnpllliiry .ma alM-ol.ir mcmbran- 

hlood. (Courtt’.i.v ot W;il<Tf', It. M. ; J. A. M. A. 11." 


re.splnitorj' p.is.«:iRC.i; n. re^plni- 
•<: n. .'irtf-ri.-!! b!ood; venous 
^ 1C,S7. nito.) 


In general, we nniy look upon llie eo.st of comforl a.s a .sacrifice of 
oftieient transpori of oxygen to the vital cells of the eonfral nervous 
sysleni iitni the removal of earhon dioxide from tlie.se colls, (’omplote 
mtcrniplion of this tnmsport mechanism (Fig. ] ) for more than a very 
few minutes is fatal. Parlial intemqition ean he tolerated for long 


MORBIDITY ACCOMPANYING THE THERAPY OP PAIN: 
THE COST OF COMPORT 

Ralph M. Wateps, j\I.D., and JIalcolm H. Hawk, JI.D., Madison, Wis. 

(From the Department of Anesthesia, Medical School, Vniversity of Wisconsin) 

''T^O STRIVE for tlie relief of pain ivas probably one of the earliest 
A efforts and remains one of the most gratifying accomplishments of 
the medical profession. In all human endeavor, success is attained at a 
price. Only at a certain cost can misery be transformed into comfort. 
In the distant past, the cost of comfoi't often was found to demand too 
great a sacrifice of safety. 

Methods of producing complete oblivdon to pain were loiown in verj" 
early times. The sjiongia somnifera* was effective for the relief of pain 
as used in Italj' in the thirteenth eentuiy and described by Theodoric 
in 1297. With only two of its many ingredients, opium and hyoscyamus, 
we are able to produce adequate surgical anesthesia at the pi'esent time. 
To do so safely in every case requires the best of present loiowledge and 
skill; the former most certainly was not available in the thirteenth cen- 
tury. 


The complaint of the German physicians of Paderborn in 1800, that 
the prescriptions of opium which he prepared for them varied widely 
in effect, led Fredric Sertiirner, the apothecarj' ’s assistant, to discover 
a method of extracting the active principle of dimgs in the foi'm of pure 
alkaloids. With loiown and constant drug strength, there remained 
and still remains the variable of individual susceptibilitj’’ and the human 


failing of the erroneously guessed dose and the improperly chosen drug. 
What is one man’s meat is another’s poison. Then, even as now, there 
existed in the soul of the physician the hope that the undesirable de- 
pressant effects of drugs which relieve pain might be counteracted b.v 
stimulant drugs. AYitness the addition of a great number of ingredients 
to the somniferous sponge with the hope that the sum total effect would 
relieve the pain and yet retain a safe margin of respiratory exchange. 
Unhappy results were all too frequent and the sponge fell into disrepute. 

To make opium and hyoscyamus safe and yet satisfactory, several 
.. tions were necessary besides the discovery of the soluble salts of 
ir alValoids morphine and scopolamine. In common with other drugs 


tlip 1uice of the unripe mulberrj'. of lij-o^cj anuis. of the Jiilce 

• “Take of opium, of the ju f mamlr.hBoi.n. of the juice of tlie iioodr ii-.v, 

iiemlock, of the LvA' of the seerte of lettuce, of the seedi of the dock 

fifp lUice of the fV^^^nifo'Tnd’of the water-hcmlock— ench .on ounce; nil’c nil tlie-ic 
uoq larBe round m u. new sponge: let tiie whole boii, n** lonp 

which has vessel, and fh'T'Tj^^fntn the spontte con'.umc'i It nil, iind It has boiled 
in a. nn the dog-da} s. unt tl,(„ sponge in hot water 

tire sun lasts on _ {here 'Ac nostrils of him who is to be operated on. 

away m it. • • • be aPpUe?* be performed." 

hi,?:;, hns 'fallen ne'eeP- “"a jiMUnS ot the Cenlhil Kerelenl A.-oelhtlon, Chl- 


450 



YvATERS AND HAWK; JIGRBiraTY WITH THERVPY OF PAIN 40d 

in that atmosphere are readily transported to the cells of the body; 
(2) that any depression of respiration results in a less efficient exchange 
of that atmosphere, which can only mean suboxygenation and accumula- 
tion of carbon dioxide, provided the demand for oxj'gen and the pro- 
duction of carbon dioxide have not decreased; (3) that any olistruetion, 
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periods wiliioiit a fatal issue bul rarely witliout temporaiy or permanent 
functional impairment. Every ph.vsician lias learned the workings 
of this “transport function’’ in'its every detail but too frequentlj'' we 
neglect the application of that Irnowledge to the everyday care of pa- 
tients. By observing Pig. 1, several important facts are recalled; 
(1) that the inhaled atmo-sphere is separated from the blood stream only 
by a semipermeablc membi'ane, which means that depi'cssant substances 



o CvcloDtoeane anesthesia; closed carbon djo.\icle absoiption technique (Fioni 

*■ Winters, R. M. Eiit. 51 J. S: 101$, 1030.) 
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in that atmosphere are reaclilj' transported to the cells of the body, 
(2) that any depression of respiration results in a less efficient exchange 
of that atmosphere, which can only mean snboxygenatlon and accumula- 
tion of carbon dioxide, provided the demand for oxygen and the pro- 
duction of carbon dioxide have not decreased; (3) that any obstruction, 



PiK. 5. F,g. 6. 

VifX. 5. — liKspii Jitory tiacing one hour after nioJphinc, gr . note the penods of 
npnoA. 

Fig. 6. — 'Rcf'Pipitory trncing In the same case twenty minutes after pcopolamino, 
gr- Xo pfiions of apnea; definite Increase in minute \olume exchange. 

citlier in the up])or resjjiratory passages wliere it would hinder free 
exchange of the atmosphere, or in the alveoli where it would hinder free 
passage Ihrongli tlic alveolar membrane, likewise means suboxygenation 
and aocunudalion of carbon dioxide; 14) that any depression of the 
pharyngeal, laryneeal, and bronchial reflexes which ai-e protective in 
character wilt load lo contamination. Jneksoii lias called the glottis 
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the "watcJidog” of tJic trachea. Likewise, depression of ciliary activity 
and the cough reflex liam])ers, if it does not prevent, “janitor service” 
to (lie traclicohronchial tree; (5) that any slowing of the circulation or 
alteration of the character of the blood, such as occurs Avith anemia, 
will greatly reduce its efficiency as a transport medium for oxygen and 
carbon dioxide; and (6) that tlie Amrious cells of the body have different 
functions and, therefore, make different demands upon the transport 
system; e.g., the specialized cells of the brain have the second highest 
oxygen requirements. 



A. 


B. 


■Pie 7— A x-iay film showing complete pulmonao collapse on 
mniii bronelius bv endotracheal tube passed into light main bronchus; secon, 
film taken wAhin ten minutes after withdrawing tube into tiachea, sucking out sccie 
tlons and inflating chest 


The iiAhalation anesthetic agents (Fig. 2), the hypnotics (Pig. 3), ant 
dnms used for basal nai'cosis (Fig. 4) all depress the function of rospira- 
tionV decreasing the minute volume excliauge. It has long been known 
h + froniipntlv forgotten, tlmt the respiratory depressant action oi 
^^Tihine is second only to its pain-relieving effect. This fact has been 
^+1 ^Aomnnstrated by Wangeman and Hawk° and is illustrated m 
recent y of 'scopolamine reduces to some extent the rcspira- 

1 ' ,ttS rf movpMnc. Tl.o fact, too, ™ dcmomtctotl It.v 

the above an pain-relieving drugs depress respiration; 

Almost AVithou - of skeletal muscles. Jlelaxaliori of the 

likeAvise they ‘ joto the pharynx and tlms it 

muscles of the ; ^,^5j^j.nction to the airuay. Such an ohstniclion 

becomes a very eS it is invariably true that noisy brentli- 

usually hnt not all ohstriietcd breathing is uoisy. 

mrr is ohstnActed hieatlnn,, 
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Hibma and Curreri" have recentlj' made, to the best of our knowledge, 
the first clinical study of the effect of pain-relieving drugs upon the 
“janitor service” of the tracheobronchial tree. Thej’ found that the 
combination of morphine sulfate, 0.0162 Gm. (%, gr.) and atropine sul- 
fate, 0.0013 Gm. (i/jo gi’-) at the end of one and one-half hours depressed 
cough and ciliaiy activity as much as 107 per cent; whereas morphine 
sulfate, 0.0162 Gm. (Y^ gr.) and scopolamine hydi'obromide, 0.00064 
Gm. (Yioo gi’-) caused a 62 per cent depression. Prom these facts, it is 
imderstandable whj^ so many patients develop areas of pulmonary 



Fig. S. — Male, aped (r4 years. Transurethral piostatic resection; S3 mg., G per cent 
procaine, intrathecallj , analgesia to Dio 

atelectasis which, if not relieved, promote bacterial growth resulting in 
bronchopneumonia. This is all the more understandable when one re- 
membei's that after abdominal operations, almost all patients have tight 
binders applied and frequently large quantities of air are trapped -within 
the ])ori1oneat cavity, both of which prevent full pulmonary ventilation, 
and the i)atient's position is usually not changed frequently enough to 
prevent the accumulation of secretions. 
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I .as been rei.caledlv denonstrated by n.aR.^ other clinicians and ns 
that the procedure of 1racheob.-oneb.aI toilet- or the suction .cmo.al 
of seciehons through a bronchoscope is very effective in relieving 
.iteleetasis if instituted before bacterial invasion has occuired and 
bronehopneunionia has developed (Pig. 7). When performed will, caie 
an skill, neither of these proceduies is haimful nor particularly un- 
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® of the iiiotlier and after restoration 

trrhp details of tracheohronchial toilet should he fullv explained to the patient 
the success of this procedure depends upon the cooperation of the patient 
necaubc ph^s^clan The patients cooper ition is bj far the moat impoi- 

and the SK should substitute gentleness for anj lack of skill Local analgcala 

tant rue p J oni.aaing the nares and pharanx with an analgesic solution sucli ns 
is obtained oa p endotracheal tube well lubricated, is then passed through the 
cocaine it. wid orophaonx At this point, it is wise to sprai the inilgesic 

nostril as far as ^^P|^ inspimtion so as to anesthetize tin glottis The tube 

solution into rue j. glottic opening, either on Inspiiatlon or expiration If 

IS now passed tnro g j,p performeil and tlie tube inserted bj direct 

blind intubation tans. ' lubricated with \aselinc is pissed throiigli tin 

\ision A small ruboei j, applied to the citlieter Tiie pathiit's be id should 

tube into the trachea anu jirect the catheter into e icli main bronchus Ylun 

be turned from side to .a appear to be clear of si crttloiis. the p itlent should hi 
the tiachea and "lain bton I other to piomoti diilnigo It is paramount 

tuned first on one sWe-^he as large as cm be tohialtd so that nffr the c itip 1 . r 
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comfortable to the patient. The tracheobronchial toilet can be per- 
foiTned with local anesthesia and the patient may remain in his own 
bed. 

The cost of comfort cannot be assessed without considering the eifects 
of pain-relieving drugs upon the circulatory system. The functions of 
respiration and circulation are so closely interrelated in the transport 
system that one cannot be affected without disturbing the other. Spinal 
anesthesia is occasionally accompanied by a fall of the systolic pressure 
with a very small or sometimes indeterminable pulse pressure (Fig. 8). 
"VSTien this degree of circulatory collapse occurs, the resulting mental 
confusion and the occasional unconsciousness are due to acute oxygen lack 


0 First Caesar/an Section 
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Fig 10 — Records of the same patient anesthetized on tt\o different occasions: (1) 
Induction iMth c^ clopropaiie and excess oxxgen. <2) Induction with cvclopropane-air 
mixture and oxigen added latei .\cute ox^gen a ant in the mother i\as transmitted 
to the babj at the time of birth (Fiom Wateis, R M , and Harris. J. W Am J. 
.Surg 48: 120. 1940 ) 


of the cells of the higher ceiebral centers. Efficient oxygen therapy, if 
instituted immediately, will usually prevent further circulatory collapse 
and restore mental acuity to its prewous level. The fetal heart is very 
sensitive to any degree of -oxygen lack in the mother (Fig. 9). Note the 
marked sloving of tlie fetal heart rate in the second tracing after acute 
oxygen lack in the mother, with the gradual return to normal as the fetal 
cells and blood are reoxygenated. As long as the degree of maternal 
oxygen lack does not leach too groat a jiropoition and as long as oxygen 
is eomjiletely restored, there probably is no grcai danger to the fetus. 
The birth should not be alloved to oeeur before reoxygenation has taken 
lilaeo, but if it oceuis accidentally, then asplnxia neonatorum vill prob- 
ably result (Fig. 10). 
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Tlie coin in whicii our ])atients pay for comfort is, with certain ex- 
ceptions, “deficiency in tJie functions of the transport S3^stem.“ It is 
necessary for eyer,y plyysician to provide pain relief for his patients. 
To deliver this comfort without cost means to maintain the transport 
sj'stem at or near normal with all the knowledge, equipment, and skill at 
our disposal. Such knowledge, equipment, and skill maj" prevent, or at 
worst, bring to a minimum, the morbidit.y accompanying the therapy of 
pain and thus reduce the cost of comfort. 
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NONASPHYXIAL NITROUS OXIDE ANESTHESIA 

W. 0. IMcQuiston, JI.D., and Stuabt C. Gulden, M.D., Iowa City, Iowa 
(From the Division of Anesthesia, Department of Surgery, University of Iowa, 

Coiiege of Medicine) 

O NE function of law enforcement agencies is to protect the individual 
from strangulation. It is an interesting and unfortunate paradox 
that strangulation under the guise of nitrous oxide anesthesia is all 
too frequently condoned in the opei'ating room. 

In the absence of asphyxia, no pathologic damage can be demon- 
strated following the use of nitrous oxide.' No effort is placed on 
any organ to detoxify or eliminate the agent and the physiologic 
mechanisms are left essentially undisturbed. No irritation of the 
respiratory tract attends its use,- and not least in importance is its 
nonexplosive character. Under certain conditions, it is highly desir- 
able, if not essential, to use a di'Ug with these properties. 

However, because of the false but popular opinion that nitrous oxide 
anesthesia is necessarily accompanied by asphyxia, its use has been 
supplanted in some clinics by other agents and techniques. These 
other agents and techniques may not be as well suited to the patient’s 
condition or as convenient to the surgeon as nitrous oxide properly 
administered. 

PREOPEKATI\TE DEDICATION 

The success or failure of any anesthesia frequently depends upon 
proper preoperative medication. As a matter of fact, the nonvolatile 
depressant drugs used preoperatively are actually a part of the anes- 
thesia. 

It is imperative that the reflex irritability and metabolic activity be 
considerably reduced before nitrous oxide or other relatively impotent 
agents are administered. This is accomplished by the judicious use of 
depressant drugs preoperatively. The drugs most frequently employed 
are the short-acting barbiturates, morphine sulfate, and seopolamine 
hydrobromide. In certain types of eases, avertin has been found to be 
of value. 

The short-acting baibiturates, in amounts usually not exceeding 3 gr. 
(0.180 CTm.), are given by mouth one-half hour before the morpliine and 
.scopohamino. Thi.s facilitates the passage of the cap-sule into the small 
intestine and favors more complete absorption, iloipliine and seopola- 
mine are administered .subeutaneously in the ratio of 2.o :! one and one- 
half houix before operation, as reeommended by Waters.'* Frequently, 
because of the estimated reflex irritability and metabolic activity of the 

Pro.-ontfil ntOip Second Annu.-il Meeting of the Central SurRic.al As.-oci.ation 
ChlcnRo, III., 1‘Ob. 2< nnd 28. Ifl2. 
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patient, llie total dosage required may exceed morpliine, gr (0.015 
Gni.), and scopolamine, ^oo gr. (0.0006 Gm.). The dose is then divided 
into two ])ortions. TJie first portion, wliieh may be either morphine, V 4 gr.' 
(0.015 Gra.), and scopolamine, Moo gr. (0.0006 Gm.), or morphine, % gr. 
(0.010 Gm.), and scopolamine, Moo gr. (0.0004 Gm.), is given subcuta- 
neously two Jiours preoperatively. After an hour, the patient’s response 
to the drugs is noted and the second portion determined and also admin- 
istei’cd subcutaneously. This portion is often less but maj^ be equal to the 
fii’st portion. Usually, it is not necessary, except in eases of greatfy in- 
creased metabolism, to exceed the total dosage of morphine, Mo gr. (0.024 
Gm.), and scopolamine, gr. (0.001 Gm.). Because of age, extreme 
debility, or other factoi's, the anesthesiologist frequently desires onlj^ par- 
tial sedation up to the time of operation and, consequently, orders the 
first hj'podermic given one hour preoperatively and gives the second dose 
intraveuousl.y in the operating room. Aceui'acy in estimating the amount 
of drug required and the time at which it is to be giyen is in direct pro- 
portion to the experience and care of the anesthesiologist. It must be 
emphasized that when relatiyel.y large amounts of depressant dr’ugs arc 
used, careful preoperative supervision is absolutely necessary to prevent 
obstructed airways with resultant anoxia. 

After this carefullj' supervised but simple preparation, surgical anes- 
thesia can be produced and maintained with not over 80 per cent, and 
frequently as low as 60 or 70 per cent nitrous oxide, without increased 
pressure. Cyanosis or anoxia are not expected nor permitted and even 
such low concentrations of nitrous oxide give adequate anesthesia. 

It has been held by man.v that except for its explosive character, the 
slightl.y more potent ethjdene has most of the desirable characleristies 
of niti’ous oxide. Clinically, we have found that onl.y very rarely can 
surgical anesthesia be produced with eth5dene in concentrations of 
80 per cent or less if the premedication is insufficient for nitrous oxide 
anesthesia. 

INDICATIONS 


The apprehensive, excitable patient is a belter operative and anes- 
thetic risk if adequately sedated. The type of premedication described 
produces a calm, quiet, and cooperative patient, who usually has several 


ours’ amnesia. ... . , 

In thyroid disease, especially thyrotoxicosis, this preparation amt 

itrmis oxide anesthesia, if a general anesthesia is to be used, is par- 
1 rlv 'innreeiated by both the surgeon and the patient. From the 
^olomst’s viewpoint, the reduced activity of tlie carotid sinus 
^fe'^the absence of laiyngeal spasm, and tlie simplicity of the pro- 

edure are added factorsjnit^ i-cquire little or no relaxa- 

For operations 0 ,,lasties, and imillifilc excisions 

ion, suchasradiCi fhe Ica.sf toxic and one of the plctisuritosl 

fneX'S's*«t can be chosen. 
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The anesthesiologist has several agents and techniques in his arrna- 
mentarrani which are suitable for elderly, poor-risk patients, yet none 
disturbs the physiologic mechanisms less than nitrous oxide. Absence of 
good relaxation is its only disadvantage. To overcome this disadvantage, 
regional block used in conjunction iidth nitrous oxide analgesia has been 
found to be ver>^ satisfactory both from the standpoint of the surgeon 
and the safety of the patient. 

One of the “bugaboos'’ of the operating room is explosions. In many 
cases, it is essential to use the eautci’y or other electrical apparatus such 
as the bone saw, drill, or x-ray. In spite of the fact that much of the 
electrical apparatus is supposedly shockproof, it is u-iser to employ a 
nonexplosive agent in its presence. Because of this factor and others 
previously mentioned, nitrous oxide is of particular value in cases such 
as the nailing of hips, laminectomies, and spinal fusions. 

The satisfaeton* use of nonasplij-xial nitrous oxide anesthesia in tho- 
racoplasties has been previously reported.^ 

PO-STOPER-VTir-E COXIPUCATIOXS 

Upper respiratory and chest complications have been minimal with 
this method in spite of the fact that it is the anesthesia of choice in most 
of the poor-risk patients. 

Xausea and emesis are slightly more frequent than rnth cyclopropane 
and le.ss frequent than with other inhalation agents. 

Dii5tention is less, and when it does occur is less severe with nitrous 
oxide. 

•SUUM.VKY AXD COXCLESIOXS 

Nitrous oxide anesthesia po.sscssos several advantages over other anes- 
thetic agents for certain types of cases. These advantages merit its care- 
ful consideration by surgeons and ane.sthesiologists. 

The chief disadvantage is inadequate relaxation. 

The only deleterious effects are due to anoxia and not to the drug 
itself. 

Anoxia is not necessary if the patient's reflex irritability and metab- 
olism are adequately reduced by the intelligent use of nonvolatile de- 
I'l-essant drugs, 
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HYPOSPADIAS 

A. W. Farjier, M.D., Toronto, Canada 

ARIOUS degi'ees of hypospadias, recognizable as glandular, penile, 
penoscrotal, scrotal, and perineoscrotal varieties are found. 

In the fii-st, treatment is not necessaiy. No serious disahilit}' is pres- 
ent. Meatotomj" is performed occasionally for a pin-point opening. 
AVith the other types, besides the abnormal position of the meatus, there 

i. 

IS) or'mL'ay.i 
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are accompanying deformities. The mo.st constant is the presence of 
a tight shiny skin on the ventral aspect. Under this there is fibrous 
tissue where the corpus spongiosum is absent. A curvature results, fre- 
quently, varying in amount in direct proportion to the posterior dis- 
placement of the urethral opening. Other distortions may consist of an 
aplasia of the penis, a split scrotum, undeseended testicles, and dys- 
crinism. 



The treatment of tliese mild and severe varieties is the correction of 
the curvature and the manufacture of an urethra. The first procedure 
is performed as a complete operation in itself, of which the steps are 
shown in Figs. 1 to 9 in a diagrammatic manner. The incision is in the 
form of a Z-shaped pla.stie. Because of the limited distance between the 
glans and the urethral opening, the vertical limb of the Z may be I'ery 
short, llissection under the urethra frees it from surrounding tissues, 
and it is ])ushed posteriorly. Pihrous tissue on the ventral surface 
and from between the eoi'pora cavernosa is removed. The sldn is freed 
laterally on both sides. Further releasing incisions are often made, as 
shown in Pig. fi. All this allows the distal end of the penis to be ex- 
tended, overcoming the cun'aturc. Flosnre is obtained by subcutaneous. 
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as well as skin, stitches. The former catch up the deep tissues, as repre- 
sented in Fig. 7. The suture line is one of ehangi 2 ig dii'ections. The 
primary covering is important. The penis must he held straight until 
the skin wound is firmlj’' healed. The incision is painted with varnish 
ajid diy gauze is wrapped ai’ound the organ. An elastic mesh, stitched 
to the skin at the base to prevent slipping, is sutured over the dressing, 
applying pressure. Collodion is smeared on, and hardens as a water- 
proof splint. It is left in place for fourteen days. 
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hundreds of eases. The steps to he described, and shown in Figs. 1 to 14 
of the second stage, represent a considerable modification of his mode. 
I have operated upon about one hundred cases since 1932, occasionally 
making alterations, and the result is as shou-n. 

For diagrammatic purposes, the meatus has been placed at the 
penoscrotal junction. A narrow flap is outlined so that the opening 
occupies a central position between the tip of the glans and the perineal 
end of the flap. It is uniform in width (about one-half inch) with 
tapering ends. A stainless steel wire suture is passed about the edges. 
After the initial incision, tlie raising of the flap is done largely with 



lire.fKr-ciA OT^iflce. 



scissors. Pig. 4 shows the application of sutures to form the urethra. 
Horsehair is preferred to silk. The stitches run from sldn surface to 
sldn surface, outside the wire thread. One edge is completed as far 
as the glans before the other is begun, sutures being tied as they are put 
in, left long, and thrown to the opposite side. When the glans is 
reached, tlic mucous membrane is cut, after tunneling beneath it with 
small, pointed scissors. With this method there is little bleeding. Tiio 
mcnfl)rane is stitched to the tip of the perincoscintul pedicle, tlic long 



466 


SURGERY 


threads running from the new opening. Tiie horsehair seam is re- 
inforced by catgut. 

IMuch raw area remains to be surfaced. Direct suture is satisfactory 
in the scrotal area, but rearrangement of the covering is necessary for 
the penis. Tiie redundant foresldn is separated from the glans, and un- 
folded. A spotlight shining through it identifies any large vessels. Tlie 
separation of the skin from the penis must be as far as its root. Tiiis 
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This operation takes about one and one-half hours to complete. The 
thin flaps must be handled carefully. Scrotal varieties in children and 
adults are performed successfully in one stage. In such, the flap may 
be very long, its tip coming from near the anus. 



The post operative care presents no difficulties. x\ll patients have 
urinated voluntarily, (iveat edema of the tissues oeeurs, which sub- 
sides slowly so that a noi-mal appearance is approximated in about ten 
to fourteen days. The penis, hca\-y with swelling, tends to flex at the 
penoscrotal iunetion due to gi-avity. Support by gauze, as well as bj’ 
fixing the long ends of tlie steel wire to the abdominal wall, is important. 
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as the adjacent skin surfaces become macerated if left in contact. 
Routinely in recent times, patients have been placed on sulfathiazole. 



1 • 1 onnvoKimatelv one hundred cases of liypospadias have 

In The Ombredanne method was not found to l)c corn- 

been ; J,.ticulavly for severe types. It has been modified 

pletely ^ cosmetic and functional product more quickly. Tlie re- 
to give a hettei , ^ sidetracking of urine is necessary, 

suits have been unitoimij . 
and hospitalization IS short. 



StJBDXIKAL ATE, 

Prelimixary Eeport of Its Use as a ^Method of Pbevextixg 
Postoperative CoRTicoMEXixoEiVL Adhesions 

Ward Wilson Woods, W.D., and Edgar A. Kahn. M.D. 

Ann Arbor, IMigh. 

(From the Department of Surgery, Section of Ifeitrosurgery, Dniversdy of Michigan 

Medical School) 


C OmUJLSIONS which folloAV otherwise sviccessful cerebral operations 
are, unfortunately, all too common. They were frequent enough 
in the experience of Cushing following the excision of meningiomas of 
the hemisphere to warrant the administration of phenobarbital as a 
routine measure in an attempt to prevent the establishment of an 
epileptic pattern. In the opinion of many neurosurgeons the incidence 
of convulsions folloAving the drainage or excision of a cerebral abscess 
is 50 per cent or more, and following compound depressed fractures 
of the skull is betw’een 5 and 20 per cent. 

If convulsions arise after total excision of a cerebral tumor, successful 
drainage of a brain abscess, or complete debridement of a compound 
depressed skull fracture, it is logical to assume that they are due to the 
resulting brain scar. Credence is lent to this view by the fact that 
in the hands of Penfield, Foerster, and others excision of cortico- 
meningeal cicatrices has been followed by cessation or amelioration of 
the epileptiform seizures in a goodly proportion of cases. 

Penfield and Buckley' have shown in dogs that the amount of intra- 
cerebral scar varies directly with the amount of injured cerebral tissue 
which "has been left behind.” The same principle has been showm 
by Penfield^ to apply to cerebromeningeal adhesions. It is for this 
reason that in compound fractures of the skull the accepted neuro- 
surgical procedure is to remove aU damaged brain substance until 
healthy brain tissue has been eneountcred. 

In spite of the most careful technique, however, a denuded and 
traumatized brain surface invariably follows any transcortical pro- 
cedure. When this surface comes in contact Avith the OA-crlying dura, 
scalp, or bone, adhesions are bound to result. In order to prevent this 
contact until healing is in progre.ss A\e suggest the use of subdural air. 
It is hoped that this method may prove of value in preventing convulsive 
attacks folloAving AAar Avounds. 

The following four case histories illustrate the dcA-elopment of the 
technique of this method up to the present time. 


C\SF 1— L O’T, n white fcmule dul.t. agcl jcari. entered the University 
Hospital April SO. 1037, hccnu‘=c of coni-ulsiono. Hi'itory re\c!iled that at tiie .age 
of twentv montln the patient detelopcd weakness of the left leg which gave rise 
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to the diagnosis of a left spastic monoplegia. Six weeks prior to admission, tliere 
was noted increasing wealmess of the left log, abnormal salivation, persistent vomit- 
ing of a nonprojectilc typo, and frequent convulsions, especially while asleep, char- 
acterized by grinding of the teeth, “stiffening out,” and rolling of the eyeballs. 
During an attack witnessed in the hospital, there was twitching of the face and ex- 
tremities for forty-live seconds, with unconsciousness. Significant findings weie 
abnormal drooling of saliva, spastic weakness of the left leg, and extensor plantar 
response on the left. ITunduscopic examination was negative. Pneumo-encephalogram 
(Fig. 1) revealed evidence of a space-oceuping lesion deep in the right temporal 
lobe. At operation an encapsulated tumor, approximately the size of a golf ball, 
was encountered by a transcortical incision through the mid-tompoial region 2 cm. 
in depth. The entire tumor was removed. The ventricle was not entered. The dura 
was completely closed and the bone flap replaced. Pathologic diagnosis was 
cavernous hemangioma. 



, ir A 5/10/37. pneumo-encephalosram demonstratinfr dccp-sontctl 

Fig. 1 Cl-ase ir- . 4/11/39. pneumo-enccphalogiam dcmonstratirig .absence 

right temporal ^lobo^tumon^ ,entricle with traction to .sale of area of coitlco- 

mc.dlSe.al “adhesions. 

TO toneratively the patient showed a marked weakne.ss of the left arm and 
^adudly improved. She was drscharged on tlic si.vtecnth postoperative 

' -tv. a mild left lieniiparcsis. 

day with developed Icft-.sidod jnck.sonian attacks. 

A year and on ^ revealed a gcueralizcd incren^^c in pi/o of the right 

Pneumo-encephalogram 1 ch.annels in the region of the operatire .site shorted 

lateral ventricle. recurrence of the tumor. The patient wa.s dis- 

charged on pheno ar i . , - because of increasing sorerity of left -.sided 

She letumea about WO pneumo encephalogram wa.« performed rrhich wa.s 
jacksonian ;,;ne one. 
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The focal epilepsy continued in spite of medication ndtli phenobarbital and, conse- 
quently, the patient was readmitted to hospital for xeoperation Sept. 17, lOll, ap- 
proximately four years after the original removal of the tumor. It was felt that 
the persistent jacksonian attacks were due to a corticomeningeal cicatrix at the 
operative site. Consequently, operation was performed through the old scalp 
incision, the bone flap was re-elevated with no damage to the underlying dura, and 
it was found that the cortex was firmly adherent to the dura over an area four by 
five inches in diameter. The adhesions were extremely vascular and were completely 
freed from the overlying dura. Beneath the dura the previous cortical incision could 
be made out clearly. The convolutions around it were quite normal except for the 
adhesions. At this point in the operation the wish was expressed that re-formation 
of these adhesions could be prevented. It was suggested that an attempt be made 
to keep tbe cortex away from the dura by the instillation of subdural air. Conse- 
quently a soft rubber catheter with boles cut in the wall and surrounded by 
metaphen in oil pack was placed over the operative site and brought out through 



FiK. 2 (Ca.se IL— Subdural aerograms .after excision of corticomcnlnceat adhesions 
n be noTed. ‘ nverly.ng dura and bone; ram of lir abfommS 


a small stab uouud in the middle of the flap. The dura and scalp were closed 
with silk in the ii.siial manner. The following day lumbar puncture was per- 
forine.1 and :UI e.e. of Idoody fluid drained. During this procedure it was as- 
certained Hint air uas l.eing drawn into the rubber catheter bv placing drops 
of sterile saline solution in the mouth of the catheter and watching them dis- 
appear doun the uihe. The catheter and pack wore then removed and the in- 
lient taken immediately to the x-ray room. Siereo.scopic viens (Fig. 2) revealed 
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an adequate amount of subduial air over the operative site to depress the entire 
right hemispliere away from the dura. Following this the patient r\as kept in a 
semi-upright position and seemed little affected by the procedure. Srrbsequent 
x-ray examination revealed gradual absorption of the subdural air and four days 
later the procedure was repeated after placing a needle through the scalp at the 
site of an old trephine opening. Again it was ascertained tlrat air nas entering 
the subdural space on lunrbar puncture. This was confirmed by x-ray examination 
which again showed the cortex well away from the dura with no evidence of adhe- 
sions. Subsequent x-rays revealed gradual absorption of the subdural air over a 
period of four days. Again no untoward reaction from the procedure was noted. 

It Iras been eight months since operation and the mother states that there has 
been no recurrence of the attacks in any form and that the child is attending 
school regularly. She has had no anticonvulsant medication since discharge. 



4 subdural aerograms following excision of eortlcomeningeal 

FiS* 3 (Case nlacccl at the time of operation to mark operative site 

adhesions. to b^ held well away from contact with the overlying dura. 

B^'ll/ll%b‘’shows result of subdural refill done four days postoperatlvelj. 


.9 o xr F a 10-vear-old white male, entered tire University Hospital Oct. 

„ iSi 

f „ compound depressed fracture rn the rrght frontal regron. 
had been . ‘ first noted seven years later, gradually increasing irr 

Generalrzed '““^“f^ticonvulsant medication untrl they occurred three to four 
seventy m spi completely negative except for an old scar over- 
times a week. Ex , could be palpated a sntall operatrve defect 

the right frontal regr ‘j.pjjfirnted by x-rav. Localizing clcctro-cncophalogram 

in the skull. Tins ‘ ,,,^,.0 pattern .and 

revealed . rras additional evidence of cortical brain dan.ape, more 

signs of irntabrlit). region, spreading to tire anterror frorrtal am 

marked in the rrght reported as ncgatr^e. A . ragnosis 

parietal regions. PM" eptlcpsv due to a corticomcningeal scar rn the right 

vas made of post-traunr. o ]pil, a small four-Iioled osteoplastic finp nns 

frontTuegion. Consequently, on > or. 0, 


gion. Consequently, 


loI^ 

I 
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and severed, allowing tlie cortex, wincli appeared otherwise normal, to fall awaj 
freely An attempt to explore tlie cortex in all diiections was made liut this iias 
difficult Consequent!}, a lumbar puncture was performed and 22 c c of clear and 
colorless spinal fluid iieie remoied It i\as found that folio" mg this the brain had 
fallen ana} sufficient!} to allo" complete exploiation of the cortical surface of the 
frontal lobe Ko fuither abnormalit} nas seen The dura "as closed tightl} 
about a small soft rubber cathetei "Inch "as brought out thiough one of the 
trephine openings after the bone flap had been replaced. Repair of the bom 
defect "as effected with a small osteoperiosteal graft. The skin flap was closed 
in the customar} fashion about the lubber cathetei The patient was placed m a 
sitting position and an additional 15 cc, of spinal fluid "fire removed by lumbar 
puncture It "as ascertained, by disappearance of drops of saline solution in the 
catheter mouth, that air "as entering the catheter. The catheter was then removed. 
Immediate x ra} examination (Rigs 3 and 4) revealed air m the right subdural 
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space and evidence tliat tlie cortex was ne)J anap from the overfjdng- dura. Follow- 
ing operation the patient complained of headache, of no particular seierity. File 
dajs later a small lumhar puncture needle iias placed through the scalp into one 
of the tiephino openings. Lumhar punctilio nas performed in the sitting position 
and 60 c.c. of clear and coloiless spinal fluid renioied. It iias ascertained that 
during this drainage air uas sucked in freely tlirough the scalp needle. Again 
x-ray examination revealed good subdural filling nitli the cortex awaj troni the 
dura. Checkup x-rays revealed that this subduial air was still present, although 
in diminished quantity, tiio days later. The patient has had no recurrence of Ins 
convulsions to date, 7 months postoperatively. 




hesions non aDsem. 

II Iil.ite male, rnlerc-1 the UimcrMti lri)«pitnl Jan. 
Case 3.-fl- -"-"'‘J/tf petit mal cp.le|m r,f -ox months’ duration. I>a«t 

(, 1942 , vith a typ'eal - or. 
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history revealed that the patient had suffered a compound fracture through the 
right frontal sinus followed by a brain abscess. This was successfully drained 
elsewhere. The “spells” of wluch he nas unanare were stated to consist of 
throwing the head back and forth, staring straight ahead for a fevr seconds, and 
then returmng to normal mthout sequelae. The attacks were of increasing frequency 
and because of them the patient was unable to obtain eniploj-ment. E\amination 
was negative except for a small pulsating defect Ijing beneath a scar over the 
medial portion of what had been the right frontal sinus. X-ray revealed a small 
bony defect in this region. Electro encephalogram suggested a grand mal tj'pe of 
convulsne disorder as well as some endence of damage in the right frontal pole. 
Pneumo encephalogram demonstrated slight dilatation and forwaid projection of 



Fie I. (Ci^e 
»b«orpllon 


® rf'flll subdura! aeroprims ‘»ho\Mnr absence of r»re\i 

mimtonince of subrtural <pice o^er operalKe site, ami Ate ^ air 


the frontal horn of th- right lateral rentntle On .Tan 15, I'.MU. a trephine open 
role in the right p metal region nnd the dura w ts opened. A lumbar 
in- perfonmal mth the nnt.ent i>. .. m „ r 

1(1 o.c. of spinal 


mg wu- ml „ 

punttnre iiti- performed with the patient in a sitting position and 10 o c of spinal 
flnid wore roimne.i at wlmh time ,t was oh-erted tlial the cortex lieneath the 
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trephine fell away for the distance of approximately 1 cm. The scalp incision nas 
closed and the patient was immediately taken to the x-iay room where stereoscopic 
films (rigs. 5 and G) revealed evidence of cortieomeningeal adhesions in the region 
of the previously described bony defect. On Jan. 2G, 1942, a small right frontal 
osteoplastic flap was turned, its base along the supra-orbital ridge and its medial ^ 
border along the midline. It was found that the duia and the underlying brain 
nere firmly adherent to the bony defect in the region where the frontal sinus had 
been. First the dura, then the adheient biain weie freed. Following this the 
scarred cortex of the tip of the frontal pole, measuring approximately 3 cm. in 
diameter, was completely excised into healthy brain tissue, including a small cyst 
filled with clear and colorless fluid. Exploration revealed no further abnoimality. 

A soft rubber catheter was placed in the defect, the dura was closed, and the 
catheter brought out through one of the tiephine openings. The bone flap was 
replaced and the scalp closed in the usual fashion about the catheter. Next the 
patient was placed in an upright position and CO c.c. of spinal fluid nere lemoved 
by lumbar puncture. Air in the subdural space was demonstrated by x-ray (Figs. 

5 and G). Subdural air refills were done on the fourth and seventh postoperative 
days (Fig. G). The cortical defect was demonstrated to lie well away from the 
overlying dura on these occasions and on checkup examinations. Postoperatively 
the patient was alleged to have had one petit mal attack and he was discharged 
on the fourteenth postoperative day. A checkup report five months after operation 
states that he has had onij- one other questionable attack. 



- n ir Qnr-iUnnl aeroKrams. .4. 1/20/42. re\oals failure to flil siibtitiral 
frontA '^region due to exteiisi'C cor UeomenlnKeal adlic=loiis. Bone 
space in ri&nt of brain abscess ma> be f?een o\erljinir the slider 

detect ,eveals*brlin well away from overljlng bone and dura following 

clips. nr am' adhesions and subsequent subdural air in'-tlllatlon. 

excision of Drajii 


t—T A a 2 G-ve 3 r-old white male, entered the University Hospital Jan. 
- ' nJionilentie stupor. Six years previously at this hospital a bilateral 

llia^ojeration aLl drainage of an encapsulated left frontal abseevs ha.l berm 

rformed. oerfeetlv nell until the Fall of 19-11, nhon he had a coa- 

The patient hat le disoriented and irrational for a day. Following 

Ision, following vrluc i • ],p remained .sernistiijiorous and diil not 

come clear unti onfirely negative e.vcepl for a tniasterse Tar 

Examination at this time defect about one nm! one-half inehe- in 

the hairline beneath nh.cii 
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diameter was seen. Eoentgenograms revealed a postoperative defect along the left 
supia-orbital ridge and a circular defect in the left frontal region. 

On Peb. 2, 1942, a trephine opening was made in the left parietal area and the 
dura opened. A lumbar punctuie was performed ivitli the patient in the sitting 
position and 125 c.c. of spinal fluid were obtained. The brain was seen through the 
trephine opening to hare fallen away from the dura for a distance of almost 2 cm. 
X ray examination (Pig. 7) showed evidence of a large amount of subdural air 
with extensile adhesions surrounding the bony defect in the region of the left 
frontal pole. The patient was in no wa}' upset by this procedure. 

Operation was performed four days later, at which time the extensive adhesions 
were divided and the scarred frontal pole was excised. The anterior horn of the 
lentricle was opened during the procedure. The entire frontal lobe now lay free 
from the oierljung dura. An osteopeiiosteal graft was placed over the bony defect. 
Just before closure of the scalp, lumbar puncture was perfoimed and approximately 
100 c.c. of spinal fluid were lemoied The scalp was closed in the usual manner. 
X rays (Pig. 7) reiealed the air in the subdural space and evidence that the frontal 
lobe lay free fiom the oierl}ing skull m all diiections. The injection of subdural 
air was repeated four dajs later after inserting a needle through the scalp and 
again fl\e dajs later after a trephine opening had been made in the left posterior 
parietal region. There was no ex idenee by x ray that adhesions had re formed. 
The patient was disehaiged on the fourteenth postoperatix e daj, on phenobarbital, 
V> gr., three times a day. A report recened four months after operation states 
that ho has been free of attacks and is working full time. 


DISCUSSIOX 


The four cases described above all suffered from a convulsive disorder 
following an otherwise successful eradication of a cerebral lesion. It 
seems logical to assume that the cortieomeningeal scars and adhesions 
resulting from the original operative ti-auma w’ere contributing causes 
of the convulsions. In an attempt to eradicate these epileptogenic foci 
they were excised surgically. To prevent the subsequent re-formation 
of adhesions between the brain and the overlying dura, bone, or scalp, 
subdural air was instilled on several occasions postoperatively. X-ray 
examination rexealed that the subdui'al air xvas effective in aecomillish- 
ing this purpose over a limited period of time. It is still too early in 
the postoperative period to be able to state definitely the extent to which 
this iirocedurc will have minimized adhesion formation or modified the 
coinulsixe disorder. One ease, however, (Case 1), has been free of 
.picksonian attacks for eight months in spite of a well-established pattern 
jircopcratixolx It is hoped to recall these patients for re-examination 
with subdural air studies, thus proving or disproving the re-formation 
of cortieomeningeal adhesions. 


We realize fully that the use of subdural air cannot prevent brain 
scar formation which may, in itself, act as an epileptogenic focus. It 
is felt, however, that picvention of contracting adhesions between the 
In am and its oxerlxing eoxerings would eliminate abnormal fraction 
ofl-eets .mil xaseularization, both of which have been emphasized as 
important factors in the produetioii of convulsive plienomena. 
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The use of subdural air postoperatively to prevent tlie formation of 
eoiticomeningeal cicatrices is still too new and untried a procedure to 
warrant any definite statements. However, certain points concerning 
it can he pointed out at this time. 

1. It can be used without ill effects upon the patients. In all of the 
above cases it Avas accompanied only fay a certain amount of headache. 
This lieadache, howevei', Avas much less scA'ere than that found associated 
Avith pneumo-encephalogram. 

2. The remoA'al of moderate amounts of spinal fluid (up to 125 c.e.) 
results in an adequate amount of air facing draAvn into an open sufadiAral 
space to A’isualize localized areas of this space satisfactorily faj’' x-ray. 
It can also he used to Ausualize cortieomeningeal adhesions, as has been 
pointed out in the past fay Penfield and Norcross,^ Hemmingson,'* and 
Olivecrona.® 


3. It has been possible to separate, and maintain separated, tlie opera- 
tive field from the oveil.ving dura, bone, or scalp by subsequent refills 
of subdural air, over as long a period as Ave have desired. 

4. The technique is simple and not dangerous to the patient. Our 
experience to date suggests the folloAA-ing procedure to be most efficacious: 
When a cortieomeningeal cicatrix is suspected a trephine is made avcII 
aAvay from the probable site of the lesion but on the same side. The 
dura is opened and up to 125 c.c. of spinal fluid are drained by lumbar 
puncture in the sitting position. The site of the lesion is kept upper- 
most and the scalp incision is closed. In this A\’ay air collects about the 
cicatrix. Tangential x-ra.A’s are taken from several directions. FoIIoav- 
ins excision of a cortieomeningeal cicatrix (or, for that matter, any 
transcortical procediire Avhich might produce postoperative adliesions). 


the patient is placed in an upright position Avith the subdural space open 
(either directly or by means of an inl.ving catheter) and lumbar drain- 
age performed. If the patient’s condition Avarrants it, x-ra.vs may be 
taken at this time or Avithin the next tAventy-four hours. The absorption 
of the subdural air may be folloAvcd by x-ray studies. In our experience 
air in the subdural space becomes absorbed in four or five da.A’s. Refills 
inav be done either by reopening the trephine, inserting a lumbar punc- 
ture needle through the scalp oA'crlying a previous trephine, or, if ncces- 
r - making a new trephine opening. The site of the lesion sliould be 


kept uppermost. 

•rrr VnvP much to learn concerning this new procedure. Some of the 
ImVIi remain to be clarified are: (1 ) The length of time neces- 
factorsAA space in order to prevent the formation of 

3,,,- to VJ"‘‘";tativc field and the overlying .lura, hour, or 

adhesions hetA effectively following ongitial 

scalp; (2) ''''b® ' of a meningioma or debridement of a eom- 

operation such as c- ■ -j of x-rav teehiiifiiie for e.saet visiiali- 

poundslaiU fracture; (3) 
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zation of a particular area either for the purpose of demonstrating 
corticomeningeal adhesions or their absence before and after operation. 

Past experience has thrown a certain amount of light on these factors. 
For example, in a case of brain abscess which had been drained twenty- 
one days previouslj', through an inch and one-half frontal bone defect, 
the removal of 74 c.e. of spinal fluid by lumbar punetui’e unexpectedly 
resulted in retraction of the firmlj' adherent fi’ontal lobe to a depth of 
approximately 2 cm. beneath the slmll. No untoward effects were noted. 
The conclusion reached from this observation is that extensive^ or- 
ganized corticomeningeal adhesions can be broken down even after 
the elapse of three weeks’ time. It has been observed in two eases of the 
above series that subdural air has prevented the formation of adhesions 
for at least ten daj’s. There is no reason to suppose that adhesions could 
not be prevented indefinitely by subsequent refills of subdural air were 
it feasible technically or actually necessary. In one ease (Case 4) in 
which the ventricle was opened, the subdural air seemed to be more 
rapidly absorbed. In regai’d to x-ray technique it was found that best 
rtsualization of the operative site was obtained when the head was placed 
so that the defect was uppermost and when tangential stereoscopic views 
were obtained. 

SUMMARY 

A new and simple method for the prevention of postoperative cortieo- 
meningeal adhesions is described, suggesting the use of subdural air in- 
stillations. It is hoped that by the prevention of such adhesions the 
frequency of eommlsions following otherwise successful cerebral opera- 
tions may be lessened. 
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A METHOD OP EXTENSIVE LAMINECTOMY WITH 
EEPLACEMENT OP REMOVED LAMINAE 

Albert S. Crawford, M.D., Detroit, Mich. 

(From the Division of Nenrotogicat Surgery of the Seiiry Ford Hospital) 

Q UEGEEY is being more and more successfully used for the relief of 
pain in a large group of eases with the diagnosis of sciatic neuritis. 
Laminectomy, with varying degrees of bone removal, lias seemed to 
give the best results in eases where there has been impingement upon 
one or more nerves by ruptured intervertebral discs, thickened liga- 
nienta flava, and the other anatomic structures which surround the 
nerves as they pass through the intervertebral foramina. 

The easily approachable, sharply localized protruding masses from 
ruptured intervertebral discs can often be adequately removed with 
minimal or no bone removal. This has the advantage of prompt con- 
valescence and little or no weakening of the back. 

But in our experience there are some eases with good clinical his- 
tory and findings of ruptured discs -which at operation have shown 
neither a ruptured disc nor a thickened ligamentum flavuni, but where 
the cause of nerve impingement has been one or more of the following 
anatomic structures: (1) The upper lip of the fifth lumbar facet, with 
a relaxed joint, associated with increased lumbosacral lordosis; (2) 
Hypertrophic arthritis resulting in a flaring out of the borders of the 
vertebral bodies, thus simulating a prominent intervertebral disc; (3) 

A structurally small intervertebral foramen due to bony changes or to 
increased tissue, including dilated lumbar veins, surrounding the nerves 
in the foramina. 

Clinically these eases ai-e similar to those due to ruptui'cd discs, but 
are less likely to have clear-cut traumatic hi.storic.s, usually have a 
more prolonged and intermittent course, and although tliey may liave 
improved with conservative therapy, have liad repeated recurrences of 
pain and finally have become incapacitated. They may have bilateral signs 
or symptoms which may involve cither or botli of tlie fourth and fifth 

^^To\\lequately expose these nerves on botli sides by the usual metliod 
4 ivHli rongeurs may leave a structurally weak back, as 
of removed To correct this, a i)one graft from 

rbi^fhas hem the method u.sually employed. This means a pro- 
longing of the period of^comale^^ lately we have been re- 
in attempting o ehisel and mallet, the entire dorsal arch 

moving in one and attached facets (Figs. 1, 2, and 3). 

composed of a .spn > ot tli<- r.-nlml Surcl'-.-iI A.-.-oclallnn, 
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All excellent exposure of both nerves throughout their entire course 
through the foramina is given in Fig. 4. In this photograph, the area 
between 1, 2, and 3 is one where a somewhat thickened ligament may 
compress the nerve, 2, against a prominent disk margin, 4. This area is 



Fig. 1 — Photograph of lumbar spine and sacrum. The part which is crosshatched 
IS the Piece removed with a chisel. 






4 i 





A METHOD OP EXTENSIVE LAMINECTOMY WITH 
REPLACEMENT OP REMOVED LAIMINAE 

Albert S. Crawford, M.D., Detroit, Mich. 

(From the Division of Neurological Surgery of the Eenry Ford Eospital) 


Q URGERY is being more and more successfully used for the relief of 
pain in a large group of cases with the diagnosis of sciatic neuritis. 
Laminectomy, with varying degrees of bone removal, has seemed to 
give the best results in cases where there has been impingement upon 
one or more nerves by ruptured intei-veitebral discs, thickened liga- 
menta tlava, and the other anatomic structures which surround the 
nerves as they pass through the intervertebral foramina. 

The easily approachable, shariilj'’ localized protruding masses from 
ruptured intervertebral discs can often be adequately removed with 
minimal or no bone removal. This has the advantage of prompt con- 
valescence and little or no weakening of the back. 

But in our experience there are some cases with good clinical his- 
tory and findings of ruptured discs which at operation have shown 
neither a ruptured disc nor a thickened ligamentum liavum, but where 
the cause of nerve impingement has been one or more of the following 
anatomic structures: (1) The upper lip of the fifth lumbar facet, with 
a relaxed joint, associated with increased lumbosacral lordosis; (2) 
Hypertrophic arthritis resulting in a flaring out of the borders of the 
vertebral bodies, thus simulating a prominent intervertebral disc; (3) 

A structurally small intervertebral foramen due to bony changes or to 
increased tissue, including dilated lumbar veins, surrounding the nerves 
in the foramina. 

Clinically these cases are similar to those due to ruptured discs, but 
are less likely to have clear-cut traumatic histories, usually have a 
more prolonged and intermittent course, and althougli they may have 
improved with conservative therapy, have had repeated recurrences of 
pain and finally have become incapacitated. They may have bilat eral signs 
m- symptoms which may involve either or both of the fourth and fifth 


i'TdenuMeiy expose these nerves on both sides by the usual method 
f laminectomy with rongcuns may leave a .strnetnrally weak back, as 
of lamine J removed. To eori-ect this, a bone graft from 

T tib^has been the method msually employed. This means a pro- 
longing of the period of conwaljs^^^^^^ problem, lately we have been re- 
In attempting o m and mallet, the entii'e dor.sal arch 

moving in one altaehod fiicols (Fit's. 1, 2, and 3). 
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off to insiiie bony anlvjffosis, the piece is then returned to its bed and 
sutured in place with silver or stainless steel wire between the adjacent 
spines and facets The patient is kept on a Bradford frame for a few 
days and then has a back brace fitted to be as orn until the graft is safely 
groAsm in place. 



Figr 5 — Loft lateral \new of lower three %ertebral bodies and sacium, X sho^^s 
slight lipping of the louver margin of the fifth lumbar boJ\ This, if more extensne, 
can encrodcli on the lumen of the intcrN ertebral foramen 

We haA’e done tins tApe of opeiation on sesen patients during the last 
ten months Thus far it has proved to be satisfactory in giAung excel- 
lent exposuic for thoiough decompression Avithout the lesultant Aveak 
backs AS Inch almost certainly ssould have resulted by the old method. 
Also, the patients have been able to letuin to actis'e svork sooner than 
they Avoiild have as ith tibial bone grafts 

This is, of course, only a small gioup of cases to serAe as a reliable 
guide, and moie time should pass to see if there might deA'elop any 
unfavorable after-effects We belicAc this method is a\ orthy of further 
trial in cases A\bere thoiough exploiation is indicated bilateially. We 
do not adAocate its use Asheie the lesion is certainly unilateral and 
AS here it can be adequately lelioAcd Asitb a lieinilainineetomy 
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also shown in Pig 5 Sometimes we have liad to cliisel off the oveiliangmg 
edge of the facet (5, Fig. 4), to free up an adherent involved neive At 
times, enlarged veins, accompanying the neive through the foiamma, 
appear to he an impoitant etiologie factor 
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Pig 3 — ^A^entral mct of the remo\ed dorsal arch 1 is the portion of the doisil 
arch cut through uith a chisel 2 is the ligamentum fla\um S aiticulai =uifaco of 
facets 
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little hope of appearing npon the programs of the surgical sections of 
the American Medical Association with any regularity since the num- 
ber of papers accepted is small and many of the places on the pro- 
grams are assigned to senior surgeons whose reputations are estab- 
lished. In the past, similar problems have been experienced in the 
ease of the meetings of the American College of Surgeons. Sloreover, 
due to the very limited number of members, election to membership 
in the senior surgical societies is almost out of the question for men 
at the age of thirty or thirty-five. Therefore, a surgeon is apt to ap- 
proach middle age before he is considered for membership in one of 
these older societies. 

The conditions just enumerated have conspired to bring about the 
unfortunate situation wherein these promising 3mung men in surgery 
have received too little encouragement to continue with original in- 
vestigative work after completion of their training, especially at the 
time when stimulation and inspiration are needed most. Since rela- 
tivelj^ few of the men who complete a surgical residenej’- will embark 
upon an academic career, it is apparent that the majority of them will 
leave a busj- surgical clinic, often in a teaching center, to enter con- 
sultation practice. This abrupt ti*ansition from an environment where 
research and investigation are fostered and encouraged, to the routine 
duties of private practice is onlj' too apt to result in a cessation of 
productivity resulting in a number of barren jmars which, under more 
favorable circumstances, might be made most profitable. That this 
problem is not especially new and that it has been fully appreciated 
bj^ other groups, is manifested in the important and successful iimova- 
tion inaugurated last year by the American College of Surgeons in its 
Forum on Fundamental Surgical Problems. Likewise, the Society of 
University Surgeons, although somewhat more restricted in its scope, 
was organized for a similar purpose. 

The details of the organization of the Central Surgical Association 
having Iseen completed by the Founders’ Group and Founder Members, 
the society has been seen off to a good start and the active manage- 
ment of its affairs can soon be taken over by the junior members. 
IVhile the consummation of these original plans has been eonsiderably 
interrupted by the war, it is to be hoped that in the near future all 
of the activities of the organization will be in the hands of those for 
whom it was founded. 

— Henry K. Ransom, M.D. 

Ann Arbor, Jlirli. 
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The Central Surgical Association 

T he second annual meeting of the Central Surgical Association was 
held in Chicago, Peb. 27 and 28, 1942. Slauy of the papers pre- 
sented at that meeting are published in this issue of Sukgery. Tlie 
society was founded in the Spring of 1940 by a group of surgeons repre- 
senting the Midwest, who first met at the invitation of Dr. Eoy D. 
McClure for the purpose of discussing the possibilities of such a society. 
In general, tlie reaction to Dr. McClure’s suggestion was favorable. 

When a new surgical society is foimded, obviously, if it is to sur- 
vive, there must be evidence of a sufficient need and a place for it. 
In this particular instance the aims were twofold, the first being 
largely the need from a geographic standpoint. For many years cer- 
tain sections of the country had been represented by their regional 
surgical societies concerned with the more purely scientific aspects of 
the practice of surgery. Thus, there were already in existence the 
Southern Surgical Association, the Western Surgical Association, the 
Pacific Coast Surgical Association, the New England Surgical Society, 
and a number of other’s. The great Middle "West, although containing 
a number of important medical centers, had been singularly devoid of 
a comparable society recruiting its members, for the most part, from 
the Central States and Canada and holding meetings in cities of med- 
ical interest in the Midwest. It seemed no more than reasonable that 
this section of the country should have its own organization and one 
whose prestige would be equal to lhat of the afore-mentioned societies. 

The second purpose of the proposed organization seemed even more 
imnortant to those responsible for its establishment. In this respect 
the society was planned ultimately to become an organization for he 
^ I'n sni’o’erv that is, for those who have completed a faiil.i 

younger m training and including a residency in surgery. 

bnvin"- had an excellent surgical education and bacK-ground 
Such men ° worth-while oontributions to the advance of 

are in a positi ' Years the number of such men adequately 

surgery. During re This has been due botli to tlie 

prepared has meieas ^ de.sire greatly .stimulated by botli tlie 

desire for advance ’ {],c American Board of Surgery. 

American College o J- training because of the increase 

and to the increase residencies now available. However, for 

in the nnmber of ac p • opportnnitic.s to present the resnlfs 

such well-trained 1'°™" " ’ .meetings of any of the already existing 

of their original far loo few. .^n.’h a young man has 

surgical organiz.atio * 
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ivas evacuated almost daily and large quantities of tlie drug placed in 
the tissue space. Tlie finally persistent organism was invariably a non- 
hemolytic streptococcus. Thus, we were confronted with the problem of 
getting rid of an organism which is commonly found in open granulat- 
ing wounds, normally of no particular consequence but in the above 
type of case, a killer, because of clot digestion and secondary hemor- 
rhage. 

If the sulfonamide drugs are incapable of eradicating certain low- 
grade oi-ganisms as, for example, the green streptococcus from a blood 
clot, the success of suture anastomosis of arteries in this war will de- 
pend, as before, upon accurately placed sutures without strangulation 
tension which uill preclude extravasation of blood. 

If it is conceded that postoperative thrombosis or secondary hemor- 
rhage is the result of a low-grade infection along the line of anastomosis 
in a .sutured artery, it is hard to conceive that anticoagulants are going 
to have any remarkable influence upon the final outcome. Their early 
use during a suture anastomosis would complicate hemostasis and favor 
a residinm of blood clot along the suture line, an open invitation to in- 
fection in a contaminated wound. 

All good surgeons, with care to well-luiown details, can generally 
claim the reward of primary healing of contaminated wounds of the soft 
parts. They are likewise acutely aware of the problems of repair pecu- 
liar to special organs or tissues. The re-establishment of circulation 
through an important artery that has been severed in a war wound puts 
up to the surgeon a problem as tedious and difficult as any he may be 
called upon to solve. Following debridement of the ends of a severed 
ai'tery in a contaminated wound, primary healing after suture anas- 
tomosis is dependent upon several important factors. We have already 
referred to the danger of residual hemorrhage about the anastomosis. 
The necessity of placing. imiujais--regularlv. not more than IV 2 mm. 
apart, for control of hemorrha ge places a «erious strangulation threat 
upon the tissue encompassed and strangulation of tis.sue invites infec- 
tion in the contaminated wound Our pioneers in vascular surgery 
early recognized this danger and introduced fine Cliine^e silk. This 
suture material, bocau'-e of its low tensile strength, has been curbed, no 
doubt, by the surgeons unaccustomed to its me but by this very virtue 
spares tiv-ue from strangulation necrosis when encompassed by closelv 
spaced sutures. 

This brings us to a discussion of an important factor which, if not 
properly evaluated, will doom to failure a well-performed arterial anas- 
tomosis, namel.v, tension. In end-to-end suture of an arterv the anas- 
tomosis is snb.iected to tension from two sources. (]) pressure of the 
blood being force.l through the vessel; (2) longitudinal tension due to 
the elastic recoil of the arterv. 

1 he following exi>eriniental observations made bv one of ns (A II II ) 
suggests that the degree of tension may be an impoitant factor in the 
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I. The ProhlC'm of Suture Atiastoniosis of Arteries ht the War Wownrlcd 


M odern warfare furnishes in profusion wounds of all the different 
tissues and organs in the body. The rarit 3 ^ of certain of these in- 
juries in civil life mturaUy leaves us unprepared to handle them as well 
as we should like, in wartime. In no special D'pe of injury has this 
been more true than in the case of w’ounds of the primaxy arteries of 
the human bod}', arteries upon whose patencj' the life of xutal organs 
and limbs maj'- depend. 

It is true that successful junction of arteries b.v suture and even x’ein 
transplants had been made some j'ears before the outbreak of World 
War I, yet the sad commentarj' bj' Sir George Makins’ on the I'esults of 
arterial suture during the late War is a warning of the responsibilities 
we face at the outset of World War II. 

There are several questions that naturally arise in connection with the 
immediate problem of treating xvar injuries to arteries. Pii-st, why has 
arterial suture failed so miserabl.v during xvartime? Second, have there 
been any advances in science during the interval of peace, that may be 
expected to contribute favorably to the outcome of cases of arterial in- 
jury in the present emergency 7 TJie quick ansxver by iiiany= to these two 
questions xvill be that we have the problem of arterial injury under con- 
trol for this War, a thought that xvas no doubt entertained by many 
^^cernin" the expected success of arterial .suture before the last World 


easy to sav categorically that failure of arterial suture during 
, A .A. fine to infection and thrombosis and now that xre intve 
the ^ ‘ the anticoagulants, heparin and dieoutnarin. 

the snlfona e .^-j^^^,.(„j,atel.v, the situation is not so sinqiie. 

the problem is cases of aneurysm xve liave learned lliat 

From an experience i this time that will sterilize a lilood clot 

there is no | of an arter.v. Jn some of the eases tin- elm 

in continuity wth the mm 
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of the arteries have assumed a state of retraction that is more difSeult 
to overcome but, ivorse yet, a not inconsiderable portion of the ends of 
the artery must be sacrificed by debridement. The above facts bring’ up 
the serious question whether direct end-to-end anastomosis should ever 
be attempted. 

All things considered, it is our opinion that a graft of vein anas- 
tomosed end-to-end with the severed artery offers the best chance of 
successful re-establishment of circulation in a primary artery that has 
been severed by a war missile. Leakproof anastomoses eliminate the 
hazard of residual blood clot and this will permit free action of the 
sulfa drugs at least in controlling the activity of the common pyogenic 
organisms. A vein graft would eliminate longitudinal tension, a most 
serious threat to an anastomosis under these circumstances. A vein graft 
presumably has its mechanism for nourishment intact from the start and 
will be exposed to an abundance of arterial blood. The one and only 
serious objection to the use of a vein graft under eircurastanees of war 
is the fact that we are totally dependent upon the difficult, tedious, and 
time-consuming method of suture anastomosis of vessels. 

n. The Problem of Collateral Circnlaiion Following Ligation of the 
Damaged Primary Artery in the ITar Wounded 

There were approximately 4,400 soldiers in the U. S. Army who lost 
one or more extremities during the last world war.® Upon discussing 
tlie subject with surgeons active in the war we gathered the impression 
that a good percentage of these amputations uere performed because of 
damage to the blood supply. The de cision of when t o amputate w as one 
of the most difficult decisions that the surgeon was called upon to make, 
difficult because the decision had to be made early, preferably before the 
blanket of traumatic edema had obscured the development of an uncon- 
trollable infection. It required rare clinical judgment indeed and cour- 
age of one’s convictions to say a given case had .sufficient collateral blood 
flow to ride out a i)ost-traumatie edema and stay the development of a 
lethal infection. Needless to say, the dilemma quickly and rightly re- 
solved in favor of saving the life of the soldier by adopting a policy of 
early amputation in such cases. 

What will be the policy in this war’ Certainly if the results obtained 
from treating nounds nith tlie sulfonamide drugs during the Pearl 
Harbor catastrophe can be even approximately duplicated during the 
rest of this war, onr policy will be radically changed. 

It is our iqiinion that the use of the sulfonamide drugs in conjunction 
with careful debridement and careful hemostasis with the evacuation of 
blood clot will, for the first lime in the history of wars, enable the 
’-urgeon to safely postpone amputation in eases of ligated primary 
arteries until the adequacy or inadeipiacy of the collateral circulation 
can be established beyond the peradventure of doubt. With the absence 



■aau 


SURGERY 


liealing of vessel anastomoses in tlie presence of bacterial contamination. 
It was observed in the performance of carotid jugidar anastomoses in 
dogs that primary healing of the ivound and the anastomosis could be 
obtained in the end-to-end varietj^ i.e. the proximal end of tlie carotid 
to the proximal end of the external jugular vein in the presence of sliglit 
bacterial contamination. Whereas, using exactly the same routine 
“aseptic technique,’' the performance of the side-to-side carotid jugular 
anastomosis was regularly followed, on or before the ninth postoperative 
day, b3' a breakdown of the anastomosis. Eoutine success with primaiy 
healing at the site of the anastomosis in the side-to-side variet.v was ob- 
tained onlj' after the adoption of a more rigid technique of bacterial 
exclusion. 


An explanation of tliese differe'nt results can best be made on the basis 
of tension upon the %'aseular anastomosis. In the end-to-end anastomosis 
the factor of longitudinal strain is entirely eliminated, the arteiy and 
vein have been cut eiitireh' across and allowed to retract. The factor of 
intravascular strain has been reduced also to the point, in fact, that the 
arteiy and vein at the point of anastomosis are seen to collapse during 
cardiac diastole. This great reduction in pressure is due to the fact that 
the arterj' suddenh' empties its blood into a large neck vein subject to 
negative pressure within. 

One has onl.v to inew the vessels to appreciate the greater tension in 
the side-to-side anastomosis. Here we have arterial blood at high pres- 
sure bucking the return of venous blood at the site of the anastomosis. 
In contaminated eases the side-to-side dogs’ wounds heal with pri!naiy 


union except for the I'essel anastomosis. The latter apparentl.v does well 
until the ninth da.y, then as regnlarl.v as clockwork one of two things 
wiU happen. Either the dog will suddenly bleed to death because of 
a breakdown of the anastomosis or, if tiic fistula is very small, thrombosis 
vnll develop. In either case, a culture taken from the line of anastomosis 
and incubated from five to seven da.vs will likely reveal bacterial growth. 


usually a nonhemolytic streptococcus. 

Whm-eas these experiments in themselves do not preclude the success- 
ful anastomosis of severed arteries in the human being, for that has 
been accomplished, they do empJiasiae a narrow margin of .‘■•afct.v in the 
fictor of tension upon a va.seular .suture line. With these cxpe.-imenfal 
-facts in mind it is pertinent to note that most of the succe^fnl direct 
ehd-to-eud anastomoses of arteries have occurred ,n civil life directly 
® t n tvrmiids The.se wounds are relatively clean and entail 

following sta - artery. In contrast, during a 

little or no saci severed by a tumbling, ragged missile that 

war arteries ^ ‘ ,„any of the potential collateral -vessej.s 

macerates as it lacc • quickly put out of function Jiy Iraii- 

have also cnntaminnted and prone to infection. The 

matie edema. The wot , ‘ for arterial ana.stomosis. The ends- 

.vounded come late to the . 
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Snell a policy in this ivar ivonkl logically lead to a higher per cent inci- 
dence of gangrene per primary artery involved. 

There ivill be case.s in ivhieh prompt treatment of shock and elimina- 
tion of vasospasm ivill afford a n’ide margin of safety for the limb. In 
other cases post-tranmatic edema ivill so compromise collateral flow and 
obstruct A'enons return as to make the outcome dubious for a time. 

There will be cases in which, because of laceration of some collateral 
vessels and contusion to others, it is onl 5 ' reasonable to suppose that the 
outcome may be favorably influenced by the prevention of thrombosis 
by the use of an anticoagulant in conjunction with the above measures. 

Finally, it must be conceded, in this war as in wars before, there will 
be a considerable number of eases in which nothing short of the re-estab- 
lishment of blood flow through the primary artery, if only during the 
period of post-traumatic edema, Avill suffiee to save the extremity. This 
will be particularly true of injuries to the popliteal artery. 

III. The Chavccs of Success of a KonstSure Melhod of Arterial 
Amsfotnosis in This ITar 

Since ancient times the cry for a cpnck and simple raethotl of anasto- 
mosing arteries has risen with every war. Attempts were made by the 
ancients to bridge defects in arteries by tubular structures such as goose 
quills and chicken bones. Whereas we have long been aware of the fac- 
tors that doom such methods to failure, to date we have not been able 
to eliminate or control these factors. 

A nonsuture method of establishing continuity in an artery, to be 
simple and practical, predicates the use of a supportive tubular struc- 
ture of some kind. To maintain blood flow through an artery joined in 
this manner involves: ,(1) the prevention of clotting, immediate or de- 
layed. (2) the avoidance of infection, (3) the prevention of pressure 
necrosis of the artery which in turn may cause hemorrhage or late 
thrombosis. 

Fertainly, to those of us who have painstakingly learned the tech- 
nifiuc of suture anastomosis and have experienced the gratification of a 
well-earned succe.ss, even the contemplation of such gross devices of 
arterial anastomoses are offensive. But the fact remains that suture 
anastomosis of arteries in the war Avounded is by and largo impractic.al, 
and Ave arc at Avar! 

It is of interest that during the last ^Yorld War TuffieF Ava.s able to 
maintain blood floAv through a paraffined silver lube, bridging an arterial 
defect for as long as ten days in one ease. In general this is exceptional, 
according to .Makins' who states that . . . “as a rnle the Bibe should be 
removed at tlie end of four days and at this date I have always found if 
occluded.’’ It is an intere.sting cominentarv boAvever. that Ilakins 
looked Aipon the Tuffier lube as a useful instrument in some cases. 
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of infection and septic thrombosis the slogan -will change from “Save a 
Life to Save a Limb.” The responsibility for establishing or en- 
couraging and maintaining an adecpiate flow of blood will be placed 
squarely up to the surgeon. 

Sir George Makins’ collected a series of eases during World War I in 
which the primaiy arteries had been ligated because of injury ajid the 
fate of the extremity left to the collateral blood flow. The percentage 
of cases complicated bj"' anemic necrosis or gangTcne, according to 
arteries involved were as follows: Carotid artery, 33.33 per cent; sub- 
clavian, 25 per cent; axillary, 16.6 per cent; brachial, 23 per cent; 
femoral, 25 per cent ; popliteal, 41.66 per cent. Excluding the .carotid, 
averaging the other arteries, gangrene of the extremities occurred in 26 
per cent of the cases. 

It is true we have made important advances in the promotion and 
maintenance of collateral blood flow following obstruction to a primary 
artery. We know the importance of qniekly reviving and maintaining 
an adequate level of systeinie blood pres.sure in eases of blood vessel in- 
jury; we believe our solution, to this will be the u.se of di’ied plasma or 
serum albumin on the field. 

Conceding that the use of mechanical devices to promote collateral 
blood flow will be impractical, we have the following measures to offer 
the soldier with a primary artery injury at the front; 

1. Immediate and effective treatment of shock. 

2. The use of the sulfonamide drugs to forestall infection. 

3. Chemical section of the sympathetic nerve supply to the affected 


extremity. 

4. The use of an anticoagulant (heparin or dicoumarin) to prevent 
thrombosis in .such cases as have laceration or contusion of the collateral 


vessels as well. 

Considering the general policy of early amputation prevailing during 
World AVar I when the adequacy of the circidation to an extremity was 
in doubt makes it fair to as.sume that the cases reported in Sir George 
Makins’ series were favorable cases. It is our opinion that if in an 
identical series the first three measures of ti-eatjncnt outlined above were 
^arried out the incidence of gangrene would appi-oximate 5 per cent 
Ltead of 26 per cent as reported by Sir George Alakins. 

- 'A.*.nmin<r that we may cut the incidence of gangrene to 5 i)er cent in 
fnvorable c-ues such as reported by Sir George Malcins. what can we 
^ t tf ill this war we find it is .‘-afe to defer amputation and give 
postulate, „,intinu a chance in all cases of injury in which the 

the collatera emt has been ligated? It is rcasonahle to 

primary artery o ^ of limbs will he saved. On the other 

expect that a ug'ci f,]- ,]pferring amputations routine would include 
hand, making a prac ice ^ f ,.o|iaieral vessels as 

cases involving ^ treated hy early anipiilation. 

,,dl. a group 'vliW. m MorW 
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JIETHODS 

Several different techniques (Figs. 1, A and B, and 2 .4) were at- 
tempted before a satisfactory method was discovered. In brief, the 
suture of the divided carotid (or femoral) artery over a vitallium tube* 
was successful in only one out of nine experiments and in the successful 
one blood flow was demonstrated for only five days (Fig. lA). Bridg- 
ing a gap with a vitallium tube by the ligature technique (Fig. IB) was 
also most disappointing (none out of six) . Finally, the bringing of each 
end of the divided artery through a vitallium tube and bridging the 
gap with a vein transplant Avas successful in only two cases out of seA’en 
(Fig. 2A). 


ZZt 1 

A 

Artcrv 
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/ 

/ Vital hum tube 
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FJp 1 — In thcvc clrawmp:s aro depicted the different methods of a single 

'itallium tube. A, The arler> is sutured m the u'sual mannei over a straight vitallium 
tube . /?, the dl\ jdod ends of the arterj* are approximated near each end of the 
vlnlhuni tube bv ligature'!, in tlii'! vva> a gap is budged, C, the final technique 
niiicli pa's h^gh[^ «!uccc‘!'!ful The drawing «tbow'! the lein to be in«;Kle the vitallium 
tube, the ends of the vein are everted o^cr the vitaUiuni tube and the artery is drawn 
over each end and held b> a ligature. In this wav the flowing blood contacts onlv an 
Inllmal lined tube 


After the above failures a technique A\as established of bridging a 
gup in an artery ubicb functioned fairly well in the small femoi'al 
artery and with uniform success in llie abdominal aorta for an indefinite 
length of time (Figs. IT and 2f'). Dogs have been used as the experi- 
mental animals and silk technique Asas used throughout. No anti- 
coagulant Avas employed. Vitallium tubes 2.5 cm. long AA-itb an outer 
diameter of ;5 mm. and an inner diameter of 2 mm. have been used ns a 
perniniient prosthesis for a vein transplant. Tlio ojieration is carried out 
as folloAvs (Fig. :i). The femoral artery and A-cin of the dog arc located 
and isolated for distances of 7 to 8 cm., each branch being ligated close 

'Till Aunttnnl U•^^nm(tlr!l■^ Inc. Chlenco. IH . •■uptillcil sxilh thf xlt.nlllmii liihii 
me,] In ihc.i. fxm.rlnirnls ntnl x\.. wl-li to ilmnK Mr J. J, Ilrilnunn of th it ronininx 
Inr hlx cooperndnn 
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At tlie start of this war we iiave at our couimand two effective anti- 
coagulants, heparin and dicouinarin. It is reasonable to suppose that if 
proper use were made of these substances, the hazard of early thrombosis 
may be largely, if not completely, eliminated. 

Infection, even if of a low-grade character, as a cause of early necrosis 
with seeondar 3 ' hemorrhage or tlu’ombosis in an anastomosed arteiy is 
well known to all. It is hoped in this war that the sulfonainide drugs, 
when combined with careful debridement and hemostasis, may largely 
eliminate the hazard of infection. 

If it proves possible that earl 3 ^ thrombosis and infection can be pre- 
vented in this war for the first time in histor 3 ', a simple nonsnture 
method of arterial anastomosis will at least have a chance for success, 
since it is conceded that these factors have been largel 3 ^ responsible for 
earl 3 ’^ thrombosis in previous attempts. 

What can be done about factor three, uamel 3 % irressiire necrosis of the 
vessel, a cause of late thrombosis in a nonsuture method of arterial anas- 
tomosis ? As 23reviousl3' stated, the simplest nonsuture method of arterial 
anastomosis requires the use of a supportive tube or tubes. The un- 
yielding, supportive tube will of necessit 3 ^ be in a pressure relation to 
the vessel. Two important questions arise: (1) Will it be possible to 
minimize the effect of the tube upon the vessel to tlie point of preventing 
late stenotic fibrosis or thrombosis? (2) If not, would the operation 
serve any good purpose? 

The answer to the first question will be discussed, at least in part, 
under Eesnlts. But eertainl 3 ' we have an abundance of evidence to show 
that collateral vessels develop para passu with gradual oecliision of a 


primary artery, and if there were a late thrombosis the only injury 
done Atould be to the pride of the surgeon performing tlie anastomosis 
In the case of the soldier witli a severed primary artery of the arm or 
the anastomosis would serve to bi-idge that dangerous period of 
post-traumatic edema, the exact extent of which, in a given case, no 
surgeon can accurately foretell. We have all witnessed, at one time or 
another the strangidation of a good collateral circulation by edema. It 
is known that blocking of the sympathetic innervation in siic-h cases is 
of little or no avail. Elevation of the leg to relieve edema merely con- 
verts the fear of a wet gangi'cne to the certainty of a dry gangrene. Thc 
onlv measure that could possibly save such a limb nould be the proinid 
re establishment of a pulsating flow of blood through the primary artiuo'. 
This would permit elevation of the limb and quick subsidence of edema. 
The in-oblem of pressure necrosis by a foreign body introduced to sup- 
n ligature anastomosis must be overcome by the use of a material 
J'mnst to infection and interfering little with healing or nifli 

r:— . 

Inirements !>«' ««>• 
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secOTidly, so that tissue Juices released by tlie very tight ligatures can- 
not escape into the circulation. After the above has been completed the 
proximal rubber-shod clamp is released first in order that air bubbles 
will be driven peripherally. Immediately after release of the distal 
rubber-shod clamp the blood courses freely and a strong pulsation can 
be felt distal to the vitallium tube. 



6 7 


Fig. 3. — ^Thc various slops in the operation as carried out in the femoral artery. 
i, Tlie vitallium tube with Its two ridges (sometimes grooves), 2, Shows the artery 
and vein exposed ; the vem Js retracted and clamps have been placed upon a branch. 
\N'e now think it is perliaps better technique to ligate the branch first, clamp distally, 
and cut between. S, The segment of vein upon removal i.s irrigated with saline solu- 
tion through a blunt-nosed eye dropper. 4, The vein has been pushed through U\e 
inside of the vitallium tube ; llie two ends are everted over the ends of the tube and 
are held In place with one or two ligatures of fine silk. 5, The distal end of tiip seg- 
ment of vein is placed into the proximal end of the arterj' and held there by two 
ligatures of fine .«<ilk ; all ligatures are placed behind the ridges. C, The snug ligature 
near the end of the vitallium tube for the apposition of the arterj* and vein is being 
tif'd. 7, The completed operation showing the femoral .artery; a gap of 2 cm. has 
Ix'on bridged. 
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SUKOKRY 


(o llic veil) uilli arlcrial silk and loosely to llic artery with fine silk. The 
sefTinent of vein, 7 cm. lon'r, is then excLsed between .suture ligatures and 
]iroiuj)tly irrigated with saline .solution through a blunt-nosed eye 
dropiu'r. 'J’he distal end of the vein is identified so that it will be 
brought into approximation with the proximal end of the femoral artery, 
allowing blood to flow through the graft in the direction of the valves. 
One end of the vein is then pushed through the inside of the vitallium 
tube and the ends of the vein are everted over the tube for 1 cm. at each 
cud. A single tie of fine silk near each end holds the vein in place. The 
tie is placed some 8 to 9 mm. from the end of the tube. Care is taken 
from this point to allow nothing to touch the exposed intima of the vein 
and it is frecpicntly moistened with saline .solution. The femoral artery 
is then divided after rubber-shod clamps have been applied. The ends 
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• iVnted with saline solution and with three mosciuito 
the artery are irn.c 
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with vein for the two ties of fine silk at each 
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n contact with the artery at each end, 1 to 2 mm from the 
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secondlj', so that tissue juices released by the very tight ligatures can- 
not escape into the circulation. Aftei* the above has been completed the 
proximal rubber-shod clamp is released first in order that air bubbles 
will be driven peripherally. Immediately after release of the distal 
rubber-shod clamp the blood courses freely and a strong pulsation can 
be felt distal to the vitallium tube. 






I 
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Fig’. 3. — The various steps in the operation as carried out in the femoral artery. 
/, The vitalhum tube with its two ridges (sometimes grooves). 2, Shows the arterj' 
and vein exposed ; the vein is retracted and clamps have been placed upon a branch. 
We now think it is pertiaps better technique to ligate tlie branch first, clamp dlstally, 
and cut between. The segment of vein upon removal is irrigated with saline solu- 
tion througli a blunt-nosed eye dropper, l. The vein has been pushed through the 
Inside of the vitaUiuni tube ; the two ends are everted over the ends of the tube and 
are held in place with one or two ligatures of fine .silk. 5, The distal end of the seg- 
ment of vein is placed into the proximal end of the artery' and held there by two 
ligatures of fine .silk; all ligatures are placed bcliind tiie ridges. 6, The snug ligatxire 
near the end of the vitallium tube for the apposition of the artery* and vein is being 
tied. The completed operation showing the femoral artery; a gap of 2 cm has 
been bridged. 
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RtlllOlCUY 


A inotlificjifioii oi (Ik* iihovc procedure lias been made for tlie use of 
louder ffiips in an arlery. Two vitallinm lubes witli funnel ends are 
bandied in a similar faslu’on to tlic above uielliod (Fig. 20). 


ni;.sui/r.s 

7. Femoral Arlery. 

i. One-tuhe Technique. (Fig. 1C ). — Nineteen femoral arteries have 
been opci-atcd upon and the artery explored at intervals postoperatively. 
No antieoagulant was used. There are four waj's to determine the 
patency of the operative site, two of the methods being pre.sumptive and 
the other two conclusive. The first presumptive method is to palpate 
the femoral artery distal to the vitallinm tube and if a good piihntion is 
present, at least equal to that noted immediately postoperatively, then 
the anastomosis may be patent. The second method is to inject diodra.st 



the tving of the snug ligature near the end of the vitallinm 
Fig. events blood from penetrating between the two intimas and also 

tube. This hgauire pit crushing ligature from escaping into the general 

keeps any ijssue ju ^ 

circulation. 

■ f tUP uhdominal aorta aucl if the dye can be .seen in the femoral artery 
" 1 holnw the vitallinm ‘tube, then conclusive evidence is obtained 

above and anastomosis (Fig. 5). On the contrary, if no 

as to the ^ through the operative site, patency may still exist 

dye is seen to p methods of determining the patency of 

(Pig, 6). the t operative isolation of the femoral artery 

the operative site are, t ligation of all nearby brandies, 

proximal and distal insertion of a 

and then with a lub and (2) (he 

needle into the atte y anastomoses at autopsy. 

aemoMltable patency ol 
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FIs IB 

Vic ’i — A, DioAr*\st inK<^l^oTi ot the abAom\na\ norla Sn animal Ko 1862 ’»ho%ss 
th< riKht femoral arterj to be ontireU patent, the left ‘jkIo, Iio^\e\er. is blocked some 
8 lo *' cm aVm\c This x-ra^ \%fts l\kcn si\t\-nlr\c dtv\s postoperatn el> . JB, The 
sprclnitn from the rlchl femoral arter> sho>Mnfr minimal reaction around the \italUum 
tube and the Mlk ties to hi\« romalned in place, complete healing has occurred be- 
tween the inlima of the \eln and that of the arterj at each end 



500 


SUKGKRY 


In Tal)Ic I tlie two columns refer to the presumptive and conclusive 
evidence regarding the patency of the arterial anastomoses. It is inter- 
esting to note that in some of the animals, tJiat is, No. 1827, no pulsa- 
tion could he felt over cither artery while at exploration the following 
day the right artery Avas patent. The reverse of the above experience is 
not unusual, i.e. No. 1838. 

Of the nineteen femoral nrterie.s, six Avere proved patent hy explora- 
tion and three at autopsy. Of the ten failures, some of these occurred 
hefore all ten jioints in the technique to he described beloAV had been 
Avorked out and in one case obvious tearing of the segment of vein 
occurred during the eversion of it over tlie A’itallium tube. Finallj^, 
several of the arteries may have been patent diuung the first postopera- 
tive Aveek as judged by strong pulsation, only to thrombose at a subse- 
quent lime. 
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healed junction 
of antenij and vein 


T- C TI.P DhotoKraph shows the opened specimen of the left femoral artery 
Fig-. 6-— lias taken place between the intimas of tlie artei-j' and vein, 
vhere excellent heal I na^^^ removed and the vessel is entirely patent tins having 
Che vitallium tube has eer^.^ artery distal to the anastomosis. It is mterest- 

leen demonstrated D> injection made just before the animal was sacrificed 

SfiedtrdSonsnattp'atency. 

9 Two-tuhe Technique (Fig. 2(7) —This method Avas used in three 
. 7 nnrl at exploration two of them Avere proved patent. In tlie 
the animal died and a clot, presumably post-mortem, was 

Smdrthe segment of vein (Table II). 

11. jjely small lumen of the femoral arteiw (2 to 3 

Because ot tiie e-x ^ ^ vitallium tube only 3 mm. in its outer 

mm.) it was necessary diameter of only 2 mm. and after 

diameter. Such a u e draAvn through the vitallium tube the 

the segment of ^'^m mm 1.5 mm. It is obvious that 

lumen of the segment Avas II 
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Table I 


i’EMORAL Artery, Ore tube Technique 


NO. OF 
DOG 

FEJitORAL ARTERY 

ASSUMED TO BE 

PATENT BY 

PALPATION 

PROVED PATENT 

1855 

Left side 

+(i) 

+(2) Died and autopsy 

18G2 

Eight side 

Left side 


+(5) +(19) +(69) 

+(5) +(19) +(33) -(69) 

All exploration 

1827 

Right side 

-(•i) 

+(5) Kxplored 


Left side 

-(4) 

-(5) Explored 

1859 

Eight side 

Left side 


+(3) Explored 
-(3) Explored 

1806 

Eight side (tearing) 
Left side 


-(14) Explored 
+(14) Explored 

1838 

Eight side 

+(1) +(22) +(47) 

-(49) Explored and diodrast 


Left side 

+(l)+(22) -(47) 

-(49) Exploied and diodrast 

1842 

Right side 


+(2) Died and autopsy 


Left side 


+(2) Died and autopsy 

1880 

Right side 

-fr(7) 

-(35) (Exploration OK, 


Left side 

±(7) 

+(35) (diodrast failed 

1915 

Riglit side 

+ (7) 

-(11) Died from hemorrhage 

1906 

Eight side 


-(15) Exploration and diodrast 


Left side 

-(l)+(5) 

-(15) Exploration and diodrast 

1920 

Eight side 

-(4) 

-(6) Explored 


+ Pulsation or patono of \ asset 
- No pulsation or occluded 


The numbers in the parentheses refer to the postoperatne daj on uhich exaniina- 

lion fl-S Xijsci-C 


Table II 


Femoral Arter\, Tmotube Teohniqub 


NO OF 
DOO 

FFMORAL ARTFR\ 

ASSUMED TO BE PATENT 
P\LPATION 

PROVED PATENT 

1S55 

1854 

Right side 

Right side 

Left side 

+(i) 

-(5) 

-(5) 

?(2) Died and autopsj 

+(C) At exploration 
+ (G) 

+ Pul'^ation or patcnc^ of ^esseI 
- No ruJ^'ation or occluded 


J’uaSTwif” parentheses refer to the postoperatne dai on -nhich exaniina- 


sufh arteries aie not comparable to those in human beingrs in which this 
method might find applicability, artei-ies such as the popliteal, femoral, 
and brachial ithich have diameters more nearly approximating that of 
tlic dog’s aorta belou the lenal vessels For that reason we have used 
the one- and tvo-tubed technuiues -with inner diameters of 5 mm. in the 
abdominal aorta of fite dogs and patency has been proved in three of 
them on the third, sixteenth, and tu enty-seventh postoperative daj's and 
piesumcd on the fourth and first postoperative days of the remaining 
tM.) annuals (Fig 7) A segmenl of jugular vein has been employed 
foi tlie tiansplant to the abdominal aorta. A good femoral pulsation be- 
tueeii 50 and 75 per cent of tbe pieoperalive pulse pressure (estimated 
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roughly by jialpation) is observed immediately postoperativelj' and 
daily pal])ation of tbe femoral arteries has proved to be an excellent 
index of the patency of tbe aorta at the operative site. Table III .shows 





^ nf the abdomen shows the tno titallium tubes to Oe over 

„ _ 7 — A, A flat p'ate ^ , ertebra B, Diodrast injection of the abdominal 

.i/fLrth fifth, and f ^on ^complete patency of the vein transplant. Carc- 
“'^t^ ab“ e the operative f ^trof the diodrast as it emerses from the lower 
?S‘e"xamrnat.on reveals^that tube, 

t itaUium tube is> a 

t nctoraoses in the abdominal aorta and although the 
the data on tlie an has been simple to perform and the 

experience are encouraging. In one of the dogs (No. 

uniformity of the ligature emplojmd to appose 

1908 ) ribbon catgu ■" Tvhereas at fourteen days the femoral 

the wo intiMS y, „„ flays later they had diminished 

nrteries were 
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somewhat. Exploration and diodrast injection revealed patency of the 
anastomosis (Fig. 8) but blood had dissected between the intimas of the 
proximal ends of the artery and the vein transplant with the formation 
of a small retroperitoneal hematoma ; in addition, beginning thrombosis 
was noted at the proximal end. The explanation of this occurrence is 
to he found in the fact that the ribbon catgut had been digested by the 
fourteenth daj' and could not be identified at operation two days later. 
In the other three dogs No. 13 silk was used for the ligatures. 



Fij:. 7i5. — For loRcntl sec oppo'Jite pape. 


Other animals arc being subjected to operation using the one- and 
two-tube techniques in the abdominal aorta and will be observed at 
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SOi 

longer intervals in order to deterinine the ultimate efficacj' of the 
method. It is uorthy of note that the vitallium tubes ue have employed 
in the abdominal aorta have a diameter of only one-half that of the 
abdominal aorta and more nearly approximate the diameter of the aver- 
age human popliteal artery. The inference is therefore obvious, that if 
the procedure is successful in the abdominal aorta of the dog, then the 
likelihood of .sucee-ss is even greater in the popliteal artery of man whei’e 
such disproportion does not exist. 
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tabde in 

Abdominal Aorta 


NO. OF 
BOG 

TYPE OF TECHNIQUE 

ASSUSIEB TO BE PATENT 
BY PALPATION 

PROVED PATENT 

1885 

One-tube tecliniquc 

+(27) 

+(27) 

1908 

Ono-tube technique 

+(14) 

+(16) weak 

+(16) Beginning throm- 
bosis 

1955 

Ono-tube technique 

+(2) 

Not yet examined 

1924 

Two-tube technique 

+(3) 

+ (3) 

1936 

Two-tube technique 

+(5) 

Not yet examined 


+ Pulsation or patency of vessel. 

The numbers in the parentheses refer to the postoperative day on which examina- 
tion was made. 


DISCUSSION 

Analysis of these experiments furnishes nothing eonelnsive as to the 
permanency of the nousutnre method of arterial anastomosis presented. 
In fact, a considerable number of the experiments entailed the use of 
vitaUium tubes in a ivay -which we knew beforehand could not maintain 
the patency of the artery, but were done to study the healing of vessels 
in contact with vitallinm, the effect of tension, etc. 

There is little doubt that many of these same anastomoses maj’- have 
been kept patent for indefinite periods by the use of a few milligrams 
of dicoumarin dail3'. In onr experiments without the -use of anticoagu- 
lants, it became apparent that arrangements (Fig. Id, a vein-lined 
Tuffier tube, and ends of vein graft Fig. 2d) everted over two short, 
flanged vitallium tubes were best, the latter preferable for bridging 
large arterial defects. 

During the development of the method certain technical points arose. 
These, fortvinatelj’, hai'e in no waj* affected the simplicity of the proce- 
dure and are based upon principles -well known to surgeons. They are 
as follows : 

1. ATOid.mee of longitudinal strain upon the anastomosed artery beyond physio- 
ogical limits. This requires a segment of vein which measures roughly (before re- 
moval) three times the length of the arterial defect to bo bridged when a 2% cm, 
tube is to be used. Tor a 5 cm. vitallium tube, the segment of vein should be 10 
cm. or longer. 

2. A Avound free of blood and tissue juices. Careful hemostasis and frequent 
irrigation with physiologic saline solution will largely attain this condition. 

n. Avoid tlie us-e of eru.shing clamps upon the ve.csels. In tlic preparation of the 
■rein graft the branches should he Vigalcd almost flush with the vein Iw a ligature 
of arterial or No. .t braided silk; the branch is then clamped di.stallv .and cut. To 
remove the vein graft, ligate fir.vt distally (empty the vein of blood), then proxim- 
ally with a noneruslung ligature, quiekly remove the graft, irrigate, and place it in 
saline solution. The stumps of the vein remaining in the body are then further 
secured by means of transfixion sutures. 
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•1. Tlic vein grnft, after one end is pushed tlirougli the inside of the vitallium 
tul)e, is everted over tlie ends of the tube or tubes (Figs. 1C or 2C) and tied beyond 
the ridges. Care is taken to prevent the e.vpo.scd intima from contacting anj-thing 
until it is ready to bo inserted into the ends of tlic artery. 

5. After division of tlie artery between rubber-shod clamps the divided ends are 
irrigated with saline solution and the intima freed of clinging particles of fibrin and 
excess adventitia. 


G. Caro is taken to be sure that the proximal end of the artery is anastomosed 
to the distal end of the vein graft because of the venous valves. 

7. The ends of the artery arc brought over the ends of the vein which have been 
everted over the supporting tube or tubes (Figs. 1C or 2C) and are tied with a 
strong ligature which is retained from slipping by a ridge on the vitallium tube 
(Fig. 3). 

8. This brings us to the seemingly critical point of a nonsuture method of artery 
anastomosis; namely, what happens to the anastomosis when the securing ligatures 
necrose through the vessel walls? The broad contact between the intima of the 
vein and that of the artery, in addition to being a safeguard against thrombosis, 
affords a largo healing surface. The avoidance of tension, both longitudinal and 
circular, in this area subjects the vessel walls to a minimal disturbance of their own 
nutrition. Circular tension is best avoided by the simple precaution of selecting a 
vitallium tube (or tubes) no larger in diameter than the cut ends of the artery. 

A relatively thin-walled tube of the proper size with the vein graft everted over 
the ends results in an inconsequential degree of narrowing at the site of anastomosis 
in a sizable artery. It has been demonstiated that the area of the lumen of an 
artery may be reduced to 50 per cent without any change in the volume of blood 
flow through the artery.!' The rate of blood flow at the constricted area is of 
necessity increased, which in itself would be an additional safeguard against throm- 
bosis at the site of anastomosis. 

It is true that a vitallium tube too small would permit the ends of the arterj* to 


fit loosely and would expose the method to a serious threat. Unien blood is per- 
mitted to flow through such an anastomosis, it works its way up over the ends of 
the tube between the intimas of the vein and artery. Here a relatively stagnant 
film of blood usually clots when met bj- a descending film of clot stimulating tis- 


sue juice which has been squeezed out between the intimas by the tightly placed 
retaining ligatures. The result is that a ring of red thrombus quickly presents it- 
self at the nariowest point of the anastomosis where, in spite of the rapid blood 
flow a varjdng degree of wdiite thrombus becomes deposited upon the red thrombus. 
If the artery is small to begin with and the tube yet smaller, the inevitable result 
is complete occlusion, usually within forty-eight hours. 

Control of the above hazard is quite simple. Immediately after the retaining 
V are set two good-sized ligatures of soft braided silk are passed around 

hga .jj, -n-eii away from the necrosing ligature and about 1 to 2 

each ar . Titallium tube which is approximately 1 cm. within the 

mm. from loosely in both instances. Flow 

artery (Fig- jg established by an assistant while the operator im- 

through the a . jjgature over the proximal end of the tube just sufficiently to 
mediately tightens intimas of the artery and vein. The knot is completed 

approximate snug similarly tied. 

quickly and t g within the vein graft should be made to pass on. This 

9. Trapped air bu invariably by releasing the artery proximal to the 

can be accomplished an elevation of the extremity with gentle 

anastomosis first. In two-tube technique, will suffice, 

milking of the vein m c- . the ana.stomasis. 

10 Finally, the vessel - ‘ anastomosis and vein graft and 

Clotting of serum quickly 
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the fibrin network later is invaded by fibroblasts forming a supportive mold. The 
adhesions thus formed between the ends of the artery and the vessel sheath help to 
prevent displacement after the necrosing ligatures have cut tlnough. 

SUMMARY AND CONCLUSIONS 

A nonsuture method of arterial anastomosis was advanced under the 
hypothesis that the use of the sulfonamide drugs and possible use of 
anticoagulants will afford in this war, for the first time in the history of 
wars, a basis for success of such a method. 

It was further postulated that a nonsuture method of arterial 
anastomosis capable of maintaining patency of the primary arterj^ in 
an extremity beyond the period of post-traumatic edema would in all 
probability, with the aid of other well-tested measures, save the ex- 
tremity from gangrene. 

We have presented the results of preliminary experiments in twenty- 
seven arterial anastomoses in dogs in which no anticoagulant was em- 
ployed in order to estimate the basic value of the method. 

Ten points of technique were discussed as being important to the suc- 
cess of, but not complicating the simplicity of, the nonsuture method of 
arterial anastomosis. 

We have demonstrated that a segment of vein lives when used within 
a vitallium tube in the manner described to bridge an arterial defect. 
The mechanism of its nutrition is a problem under current study. 

The results upon the small femoral arteries of dogs without the use of 
anticoagulants would seem to justify a liopefulness for its cHnieal suc- 
cess where the arteries may be many times larger. This optimism is 
further abetted by the results in the five instances of the use of the 
method in the abdominal aorta of dogs. Circulation was intact on the 
first, third, fourth, sixteenth, and twenty-seventh days respectivety. 

The study should be continued in conjunction with contused lacera- 
tions of the arteries with contamination, carrying out the anastomoses 
with and without the use of the sulfonamide drugs localljL Recent re- 
searches on the use of the anticoagulant dicoumarin suggest further 
study of anastomosis of arteries in conjunction with this drug. Heparin 
emulsified in oils has been quoted as giving four times the duration of 
effect when given in the bone marrow.® The subcutaneous route has 
been described recently as an effective method for prolonging the effect 
of heparin." These drugs should be standardized in terms of the amount 
required to maintain the flow of blood in injured arteries as well as the 
method of administration. 

Aside from the psychologic factor when the young soldier is maimed 
for the rest of his life by the loss of a limb, there is an enormous eco- 
nomic factor which when put on an actuarial basis reveals the rather 
startling fact that an amputee costs the government several times more 
than the payment of a death benefit. Records of hospital admissions 
during World War I, show that there were 12.000 deaths and 4,403 
amputees in the United States Army. Of the 4,403 amputees® only 690 
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were Iraumntie .‘unputations, leaving a group of 3,733 surgical amputa- 
fioiis. Graiifiiig that llie majority of the operations were performed 
lor gas gangrene and seriously infected comminuted compound frac- 
tures, a significant percentage of the operations were carried out because 
an injury to the major artery of the extremity had occurred. The 4,403 
amputees cost the United States government over .j;] 00,000,000 as against 
$120,000,000 for the entire group of 12,000 men who died in hospitals. 
AVhen one realizes that there were approximately 300,000 amputees’" of 
all countries in the last war, then the A’ital importance from the economic 
point of view of reducing the number of amputations by a simple 
metliod of restoring the main arterial blood flow becomes evident. 


GENER.Mj SUJIArARY 


I. Aspects of suture anastomosis of injured arteries in the war 
wounded are discussed in relation to the use of sulfonamide drugs and 
anticoagulants. 

II. The .significance of the use of the sulfonamide drugs in cases of 
primary artery injury in relation to amputation is discussed. 

A change of policy regarding amputation in cases of se’i^ered primary 
arteries is postulated. The importance such a policy vmuld place upon 
the problem of collateral circulation is discussed. Practical methods of 
improving and maintaining collateral circulation including the use of 
heparin and dicoumarin are emphasized. 

III. The great need for a simple, quick method of joining ai’teries to- 
gether in wartime is emphasized. 

The basic factors upon which a successful nonsuture method of anas- 
tomosis must depend are discussed. 

Results of preliminary experiments in the dog, using the vitallium 
tube as a supportive structure for nonsuture anastomosis of arteries, are 

reported. 
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Review of Recent Meetings 


IMEETING OF THE CENTRAL SURGICAL ASSOCIATION, 
CHICAGO, ILL, FEBRUARY 27 iVND 28, 1942 

T he Second Annual Meeting of the Central Surgical Association was held 
Feb. 27 28, 19-12, at Chicago, 111, -uith headquarters at the Drake Hotel. 

Most of the papers presented at this meeting are to he found in this issue of 
Surgery. Those not included are as follows 

J. A, Sill (bj mutation) and James M. Winfield, Detroit: The Dse of Bile in 
the Therapy of Certain Surgical Lesions. 

William S. Keith, Toronto: Empyema of the Spinal Epidural Space. 

Because the authors are in military sen ice, the following papers were read 
by title only. 

Donald M. Glover, Cleveland Experimental Cross Grafting of Skin. 

Sarvey S. Allen, Chicago: Treatment of Burns. 

Thomas C. Douglass, Chicago. Volvulus of the Small Intestine. 

Frank E. Stinchfield, Kew ITork: The Evaluation of Internal Fixation of Frac- 
tures oft he Lower Extremity of Tibia and Eibula. 

Philip Shamhaugh, Chicago. Clinical Studies on the Prevention of Postopera- 
tive Pulmonary Complications. 

Frank Lounshury (by luMtation) and Ts/lichael L. Mason, Chicago. Tensile 
Strength Following Suture of Denervated Tendons. 

J. Harold Couch, Toronto; Bilateral Etegangliomc Sympathectomy for Eay- 
naud’s Disease With Gangrene of the Fingers. 

Paul Greeley, Chicago, m a discussion ot the paper on the effect of topical 
application of several substances on the healing of cutaneous wounds by Brush 
.iiul Lam,' reported experiences similar to Dr. Lam’s in the local use of chemicals 
to hasten wound healing. He stressed the harmful eftects of allow ing extensive 
scarring and fibrosis to occur in such vvountls and recommended early skin graft- 
ing even though the cosmetic result may not be perfect and later regrafting may 
be necessarv 

In closing, Lam mentioned the great number of substances offered as a panacea 
for all wounds and stated that at the Henrj Ford Hospital there was a standing 
offer to trv any substance that comes along on twelve guinea pigs with adequate 
controls He called attention to the large number of substances recommended 
for climeul use without cvpcnmentnl studies having been made. 

Eugene A. Osins, Detroit: Appendicitis in the Tuberculous Patient. — A report 
was made of the studj of 103 cases ot surgicallv treated appendicitis occurnag 
III patients with pulmonarj tuberculosis The following conclusions were dr.awn: 
(1) The svniptoms nnd signs of appendicitis in patients with pulmonary tuber- 
rulosis are essentially the same as those of the nontuborculous patient, (2) the 
diagnostic problem is often made diflicult bv the protean manifestations of 
tuberculosis hotli pulnionarv and abdominal, (3) tuberculous involvement of the 
•ipiiendiv IS frequeiith unrccogiii/ed, (4) the mortalitj of appendicitis m patients 

spec laiKc 3-,'; for arttole bv Brush nml Lani 
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pulinoniiry tuberculosis is markedly influenced by tuberculous involv'ement 
of tlic appendix and ad.incent structures, (5) appendicitis ivitliout tuberculous 
imolvcinent lias no efToct on the pulmonary infection, and (G) in general, tuber- 
culous involvement of tlio appendix indicates a ividesprcnd infection. 

Eoscoo E. Graliam, Toronto, in discussing tlie paper, related some of liis experi- 
ences with tuberculous aj)pendiciti.s. He suggested that when a patient is sup- 
posedly suireriiig from appendicitis with a mass, if this mass diminishes in size 
but does not disappear under conservative treatment despite a return to normal 
of pulse and temperature, one is not dealing with ordinary pyogenic appendicitis. 
Tn such cases, the possibility of a tuberculous infection should be considered. 
Leon J. Leahy, Buffalo, H. Y., inquired if Dr. Osins hnd excluded from his .serie.s, 
cases in which there were obvious peritoneal tubercles. Henry J. Vandenherg, 
Grand Eapids, inquired regarding the incidence of tuberculous involvement of 
the cecum in these cases. James K. Stack, Chicago, asked about the mechanism 
of death in these patients. Osius, in closing, stated that he had not excluded 
tuberculous peritonitis in this scries of cases. Ho believed that when there is 
a mixed pyogenic and tuberculous infection of the .appendix, the organ should be 
removed in order to prevent the danger of a fatal general peritonitis. In two 
of the patients with postoper.ative fecal fistulas, the appendical stump was only 
tied but not inverted. Since that time he has inverted the stump, pa 3 'ing par- 
ticular attention to the toilet of the stump. He stated that there was involve- 
ment of the cecum in manj' of the cases studied; in others, the ileum alone was 
involved while in some there was a generalized infection of the abdominal cavitj'. 
Among the more important causes of death were advance of the tuberculous 
process, general peritonitis, and liver abscesses. 

Lawrence Sidney Fallis, Detroit: The Use of the Mikulicz Eesection in Car- 
cinoma of the Eight Colon. — The author defined the indications for one-stage 
resections of the right colon with primarj’ suture anastomosis, for the two-stage 
procedure, and for the lilikulicz tj’pe of operation for lesions in this segment of 
the colon. The latter tj'pe of operation he felt was of great service in that group 
of patients whose condition is onlj' fair because of loss of weight, anemia, or 
mild obstruction, and in the unprep.ared patient. He cited among the advantages 
of the Mikulicz procedure the low primary- mortality', the avoidance of operative 
decompression in the presence of obstruction, and the fact that the tumor is 
removed at the first operation. The inconvenience of the temporarv ileostoni}- 
ms not regarded as of great significance and while there are two periods of 
hospitalization, the total hospital stay is not greater than that of the two-stage 

method. 

ee B Wilson, Toronto, in a discussion of the paper, said that he believed 
Mikulicz operation to be .an excellent procedure in very advanced cases 
gf f],e tissues immediately surrounding the growth is present, 
where m ec - to do a resection with primary anastomosis in one stage 

In general, yurniss clamp. Charles H. Mead, Duluth, emphasized 

and advocate Mikulicz tj'pc of operation to the small intestine when dealing 

the appbcnbdlf} o strangulated hernias. Fallis, in closing, stated 

w’ith obstructing twenlj’-fonr or thirtj'-si.x hours, there has been enough 

that he believed tha a bowel ends to prevent spread of infection and, 

sealing ofi of the tissues . thereby overcoming the acute obstruction, 

therefore, the clamp may 's not resected until after the wound is closed and the 
In his technique the minimizes the danger of peritonitis. When 

dressings applied, a recommended an end-to-side anastomosis using 

doing the one-stage jpe ileum because tliis makes a safer anastomosis, 

the end of the colon to the s 
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In a discussion of tVie paper by Szilagyi, Brush, and Harkins,* on their clinical 
experiences nith the McVay herniotomy, Kellogg Speed, Chicago, inquired whether 
there was danger during the operation of injuring the lymph node of Eosennaiiller 
which lies high in the femoral canal. Such injury might possibly' spread infec- 
tion through the operative field. J. Dewey Bisgard, Omaha, inquired if difficulty 
was ever encountered in approximating the aponeurosis of the transversalis to 
Cooper’s ligament. He had found in some cases of large direct hernias that a 
flap of pectineus fascia could be elevated and then sutured without tension to the 
transversalis or the conjoined tendon, Harkins, in closing, explained that he had 
sometimes used a relaxing incision in the internal oblique and transversalis 
aponeurosis after lifting up the external oblique aponeurosis rather than taking 
a flap from below. 

In the discussion on the report made by Milleri of 230 cases of subtotal gastric 
resection for peptic ulcer. Henry Harkins, Detroit, asked Dr. Miller .to discuss fur- 
ther his eleven cases of perforated ulcer for whicii gastric resection was done and to 
outline, in his opinion, the indications for gastric resection in acute perforatiou. 
Eoscoe Graham, Toronto, briefly reviewed his experiences in the treatment for 
perforated duodenal ulcer by the method of simple closure with an omental graft. 
There were five deaths in ninety -.six consecutive cases. In a follow-up study of sixty- 
eight patients treated by tiiis method, only thirty-five later had trouble sufficient to 
require consideration of further operation and only sixteen of these were operated 
upon. Sy'mptoms in the others were controlled by conservative measures. Since 
acute perforations of peptic ulcers must be treated frequently by surgeons of rela- 
tively little experience, ho believed it to be a dangerous teaching to advocate 
anything more than the simplest operative procedure compatible with saving life. 
M. G. Gillespie, Duluth, mentioned the common causes of death in gastroduodenal 
surgery. In his opinion these are: (1) leakage at the suture line, (2) disturb- 
ances of the emptying of the resected stomach, and (3) pulmonary complications 
such as atelectasis or some complication of atelectasis. As preventive measures, 
he suggested; (1) the reinforcing of all suture lines with silk; (2) continuous 
infusions of saline, glucose, and blood during the operative procedures; and (3) 
routine aspiration of the larynx, trachea, and bronchi. A. D. McDachlin, Tor- 
onto, related his experiences with the method of tracheobronchial suction de- 
scribed by' Cameron Haight. In his cases this method had been eminently suc- 
cessful in the prevention of serious postoperative complications. He stressed the 
importance of earl.v treatment and of repeated aspirations when necessary. In 
closing, Miller supported Dr. Graham’s plea for very thorough training for those 
who wish to do gastric surgery-. He felt that simple closure of acute perforations 
may sometimes be unsuccessful since these ulcers represent an acute process and 
the process may continue and cause reperforation. The mortality of simple closure 
as recorded in the literature ranges from 15 to 50 per cent. In his twelve cases 
of acute perforation treated by- resection, only one patient died, a mortality of S 
per cent. Ho did not ndvocate resection as a routine method for the treatment of 
perforated ulcer but on his service performs this operation in cases arrimng at 
the hospital within twelve hours following the perforation. He mentioned the 
technical diflicuUics encountered in the closure of the stump of the duodenum in 
these acute cases when resection is performed. His c.\pcrionce had been different 
from that of Dr. Gillespie in that leakage at the suture line had not been the 
source of trouble. He recommended the insertion of two purse-string sutures at 
the angle between the gastro.iejunni stoma and the closed portion of the .stomach 
as suggested by Fiiistorcr, In edema of the sto:n:i, gastroduodenal siphonnge 

•See pnae for artlele by .Szllngj-i. Brush, and Harkins. 
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With blood, plasmn, niid saline infusion, tOKctlior with adequate vitamins, is an 
important adjunct in trcatnieiit. In liis series, this complication was not the 
cause of death in any ease. lie believed that atelectasis was the principal cause 
of postoperative pneumonia. At the present time he favors spinal anesthesia and 
the use of a rebroathiiiK baR used several times a day. A very simple dressing 
for the wound is used in order to insure free movement of the lower chest. In his 
series there ^vere no deaths from pneumonia. To prevent pulmonary embolism, 
the patients routinely do so-called biej'cle leg exercises as soon as thev are able. 
With regard to bleeding, he considers two Ij'pe.s, i.c., gross and massive. Patients 
with gross hemorrhage which stops almost iriiniodintely are treated medically until 
they fully recover. The cases of massive hemorrhage in patients under forty-five 
years of ago are treated conservatively, if possible, for fortj'-eight hours. If the 
bleeding docs not stop then, ojieration is carried out. In patients over forty-five 
years of age, operation is performed within twentj'-four hours if bleeding is pro- 
gressive. He reported eleven cases of really massive hemorrhage operated upon 
(resection in ton cases) with no deaths. 

Clifford D. Benson, Detroit: Surgical Bxcision of Primary Tumor of the Liver 
(Hamartoma) in Infant Seven Months Old With Kecovery. — A case of a large 
tumor of the liver in a 7-month-old infant was described. At operation, a primary 
tumor of the liver was found and treated by excision. The patient made a satis- 
factory recovery and the microscopic study of the tissue proved the lesion to be 
a hamartoma of the liver. 


A. F. Jonas, Jr., Omaha: Post-Traumatic Strictures of the Intestine. — ^Benign 
strictures of the small and large intestine were classified as follows. 


A. Congenital 

B. Following intensive irradiation 

C. Following ulcerating infections 

1. Tuberculosis 

2. Syphilis 

3. Gonorrhea 

4. Amebiasis and other dysenteries 

5. Eegional enteritis 

6. Lymphopathia venereum 

D. Chemical and thermal 

B. In the aged (?), vitamin deficiency 
F. Following vascular injuries 

1. Keplaceniont of a strangulated hernial loop 

2. Ligature of middle colic or other artery 

3. Mesenteric thrombosis or infarction 

4. Trauma to niesenteric blood supply 


c ..r lioTiirn stricture of the intestine following abdominal trauma were 
Such strictures may be associated uuth a pernicious anemm-hke syn- 
reporte . „ears following appropriate surgical correction. ATarious teeb- 

dronie treatment of these lesions were considered. 

■nr McTauBhlin Jr., Omaha, discussing obstructions of the second and 
Charles W. ^ ^ ^ as described by ZianJnger’s article,* called alten- 

nentioned the fre- 


larles W. juodUum as described by ZianJnger’s article,* called alten- 

third portions or tn of chronic duodenal ileus and mcntionei 

tion to the clinical synuronic 


of assliated persistent attache of migraine. 


quency of ass < Chicago reported good results in the treatment of ohstruc- 
Arthur K. Metz o pressure by the me.sentcric vessels by ga.stro- 

tions of the distal duo en pylorus by heavy double .silk ligature.s. He be- 

enterostomy and rirocedure than duodenojejunostomy. He also men- 

lieved that this is a simp ^ obstruction of the duodenum may be over- 
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Bernard B. Larsen, Ohio, reviewed his experiences with cases of duodenal ob- 
struction and advised a conservative plan -of treatment. In general, lie felt that 
the results of surgical therapy were disappointing, 

Bernard B. Larsen, Cleveland: A Simplified Method for Inserting a Smith- 
Petersen Nail in Intracapsular Hip Bractures.— -This subject was presented as a 
moving picture, demonstrating a newly developed guide in a simplified technique 
for inserting a Smith-Petersen nail in intracapsnlar fractures of the hip. The 
procedure is most easily done under fluoroscopic control, but may also be used 
with x-ray plates alone. 

An initial skin incision is not made. A Steinman pin is placed along the 
anterior mid-portion of the femoral neek, a guide, block is threaded on this Stein- 
man pin, and then a trocar is passed through the guide and against the femoral 
shaft. The sheath of the trocar acts as a guide through which the guide wire for 
the Smith-Petersen nail is drilled into position. A small inci.sion, just large 
enough to admit the nail, is made and the nail is driven home. The advantages 
claimed for the procedure are its speed, minimal shock to the patient, absence of 
bleeding, decreased chance of infection, and accuracy in placing the nail. 

During the discussion Edward Pamall, ilinot, N. Dak., asked how the frag- 
ments were impacted in order to insure union. 

George Hammond, Ann Arbor, asked if difficulty had been encountered in 
breaking the outer femoral cortex by the insertion of the nail. 

Kellogg Speed emphasized the importance of primary complete reduction and 
of proper aftercare. He also believed that the method of treating fractures of the 
neck of the femur by plaster fixation should not be discarded in our teaching. 

In closing, Larsen stated that the driving of the nail into place seemed to se- 
cure adequate impaction. He also stated that difficulty had not been encountered 
in breaking the cortex when the guide wire into the femur was placed not too far 
down upon the shaft and stated that the proper place is about one inch below the 
most prominent portion of the greater trochanter. In concluding, he stressed the 
simplicity of this procedure and the absence of serious complications in his ex- 
perience with it. 

George E. Wilson, discussing the article on the use of sulfonamides in the treat- 
ment of compound fractures, by C. Leslie Mitchell,' mentioned the fact that 
Colonel Kirk of the Walter Reed Hospital, Washington, administers sulfanilamide 
orally to injured soldiers and then subsequently carries out the usual debridement 
with excellent results. Dr. Wilson h.ad h.ad good results by the method advocated 
hy W. n. Ogilvie of London, that is, by leaving all compound fractures wide open 
without any attempts at suture. He pointed out that one cannot tell by the condition 
of the patient whether a wound is doing well or not when sulfathiazole has been 
plai'cd in it and in some instances infection is thus overlooked. Balph C. Carothers, 
Cincinnati, mentioned the value of relaxation incisions in order to allow com- 
fortable skin closure of the primary wotind. Primary split thickness skin grafts 
are useful in covering the relaxation incisions. WUUs J. Potts, Oak Park, 111., 
cited his c.xperience with osteomyelitis secondary to compound fractures treated 
by plating or wiring immediately after the injury. He raised the question of the 
propriety of the use of such foreign bodies in wounds which cannot be closed. 
A W, Parmer, q'oronto, stated that he had used skin grafts in compound fractures 
extensively with good results. He recommended the use of skin grafts to the 
primary- wounds or tlic use of relaxation incisions with n direct pedicle shift and 
.“kin grafting of the second wound. In closing, Mitchell cited experimental work 


•Pcc pago .(03 for article bv Mitchell. 
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with blood, plasma, and saliiio infusion, together with adequate vitamins, is an 
important adjunct in treatment. In his .series, this complication was not the 
cause of death in any case. lie believed tliat atelectasis was the principal cause 
of postoperative pneumonia. At the present time he favors spinal anesthesia and 
the use of a rebreatliing bag used .several times a day. A very simple dressing 
for the "wound is used in order to insure free movement of the lower chest. In his 
series there 'were no deaths from pneumonia. To prevent pulmonarj* embolism, 
the patients routinely do sO'Called bicycle leg exercises as soon as thev arc able. 
AMth regard to bleeding, he considers two types, i.e,, gross and massive. Patients 
with gross hemorrhage which stops almost iiiimediatcly are treated medically until 
they fully recover. The cases of massive hemorrhage in patients under forty-five 
years of ago are treated conservatively, if possible, for forty-eight hours. If the 
bleeding docs not stop then, operation i.s carried out. In patients over fortj'-five 
years of age, operation is performed within twentj’-four hours if bleeding is pro- 
gressive. He reported eleven cases of really massive hemorrhage operated upon 
(resection in ten cases) with no deaths. 

Clifford D. Benson, Detroit: Surgical Excision of Primary Tumor of the Liver 
(Hamartoma) in Infant Seven Months Old With Recovery. — A case of a large 
tumor of the liver in a 7-month-old infant was described. At operation, a primary 
tumor of the liver was found and treated by excision. The patient made a satis- 
factor}' recovery and the microscopic study of the tissue proved the lesion to be 
a hamartoma of the liver. 


A. P. Jonas, Jr., Omaha: Post-Traumatic Strictures of the Intestine. — Benign 
strictures of the small and largo intestine were classified as follows. 

A. Congenital 

B. Following intensive irradiation 

C. Following ulcerating infections 

1. Tuberculosis 

2. Syphilis 

3. Gonorrhea 

4. Amebiasis and other dysenteries 

5. Eegional enteritis 

6. Lymphopathia venereum 

D. Chemical and therm.al 

E. In the aged (?), vitamin deficiency 
E. Following vascular injuries 

1. Eeplacement of a strangulated hernial loop 

2. Ligature of middle colic or other arterj- 

3. ' Mesenteric thrombosis or infarction 

4. Trauma to mesenteric blood supply 


m cases of benign stricture of the intestine follo^ving abdominal trauma wore 
^"°d' Such strictures may be associated with a pernicious anemia-like syn- 
reporte ' following appropriate surgical correction. Yarious tech- 

McMpr'^cedures for the treatment of these lesions were considered. 

, wr TCTrLauehUn, Jr., Omaha, discussing obstructions of the second and 
Charles W. j^odenura as described by Zinninger’s article,* called atten- 

third portions O „nrnnip of chronic duodenal ileus and mentioned the fic- 
tion to the attacks of migram^^ 

quency of Chicago reported good rcsiilt-s in the treatment of obstruc- 

Arthur F- to pressure by the mesenteric ve.ssels by gastro- 

tions of the distal duo cm pylorus by heavy double silk ligatures. He be- 

enterostomy and , procedure than duodenojejunostomy. He also men- 

Heved that this is a simp obstruction of the duodenum may be over- 

a.neJ 
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sliouia be followed carefullj bj' repeated elimcal examinations. If any change in 
the character of the lesion deielops, it should be considered malignant and histo 
logic proof of its innocence is essential 

Walter G. Maddock, Ann Arbor, inquiring about the paper bj Barker and 
Priestley,* on postoperatiie thiombophlebitis and embolism, asked the speaker (1) 
the differentiation of thrombophlebitis and phlebothrombosis, (2) his opinion of 
penpheial lenogranis in the search for the oiigin of an embolus, (3) his opinion 
of the use of ligation of the femoral or iliac lein as a prophj lactic measuie 
against pulmonarj embolism 

W. E Abbott, Clei eland, inquired if the speaker belieied that dicoumaiin acted 
bj its effect on the prothrombin le\el in the blood and if there was eiidence of 
decreased liver function from the use of the drug. 

G. Gavin Miller inquired if, at the time of ligation of the femoral vein aboie 
a peripheral thrombosis, it is ad\ isable to suck out the thrombus from the iliac 
vein 

In reply, Barker stated that the studies to date indicate that dieoumann pro 
duces its effect entireh bj inhibiting the formation of prothrombin, this action 
probablj taking place in the In er He emphasized the importance of regulating 
the dose of dieoumann for each patient on the basis of dailj determinations of 
the prothrombin leiel Contrarj to expectations, there is no ecidence in human 
beings or animals that ei en large doses u ill produce organic changes in the In er 
Eenal insufiiciencj uas given as a contraindication to the use of dieoumann As 
it IS possible, but not certain, that the drug is eliminated through the kidnejs, it 
has been observed that it is more difhcult to stop the effect of the drug when 
lenal insufficiencj is present than when it is not He warned against gning 
dieoumann to patients vho alreadj hate a deiiciencj of prothrombin The effect 
of dieoumann is not immediate and it maj be tuo or three dajs before adequate 
eleiation of the prothrombiu time is obtained after administration of the drug 
has begun Likewise, the effect maj persist for as long as ten dajs after admin 
istration of the drug has been discontinued The onh naj one can restore the 
prothrombin time to normal is b\ the transfusion of fresh citrated blood. He 
stated that he did not belici e thrombophlebitis and phlebothrombosis n ere tu o 
separate diseases but rather stages or \anants of the same process and that an 
attempt to diMde cases into these tv\o categories tended to_eonfuse rather than 
clanfj the problem The speaker stressed the fact that organization of a throm 
bus takes place xapidh and usualU witlnn taeiitj tour hours, or almost certainly 
Within scicnti tno hours It becomes firmh adherent to the wall of the lein 
Hence, it docs not seem probable that an embolus occurs as a result of dislodg 
nient of a thrombus or a portion of a thrombus wind has been present in a rein 
for a \er\ long period If embolism occurs after elinicalU ecident thrombo 
phlebitis IS present it occurs as a result of detachrient of a neu thrombus which 
maj be a sudden extension into i more proximal \cin, er perhaps the thrombus 
has formed in an entireh different rein, possible m the other cxtrcmitj As im 
port lilt eMilcneo, he mentioned the fact tint it one cxinunes fatal pulmonare 
emboli histologicallj , no cMdence of orgaiurition of the m irgins of these emboli 
IS seen, uluch suggests tint tlie embolus did not exist as a thrombus in the rein 
for a \er\ long period. He did not faxor lig.mon of the femor il or iliac xeins 
hee luse ho did not think that there is nuieh chance of accomplishing the desired 
effect thorcbx Ilo'xexcr, should it be done, he boliexed the xcin sliould be opened 
and IS much as possible of the thrombus sucked out of the xeiii He silled that 
there is no assurance that thrombosis mil not dexelop proximal to the point of 
bgition and the ligature mil icrtiinh not prexent thrombosis from dexeloping 
in the opposite exlrcmitj. 


•Sic IHK< lit for article bx Barker nnd Trlestlcx 
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wliicli indicrifod that sulfanilamide po%vder used locally is far more effective than 
the oral administration. He believed that under the conditions of rvar the wound 
in compound fractures usually should be left open.' In general, in his series, there 
■was a higher incidence of infected wounds when some form of internal fixation 
was used than in those cases in which it was not employed. 

Cameron Haight, Ann Arbor, in a discussion of Siler’s* paper on acute costal 
chondritis associated with sternal osteomyelitis re-emphasized the seriousness of 
infection of the costal margin; once it becomes infected, it is necessary to re- 
move the entire costal margin in order to effect a cure. The reason for this is 
the poor blood supply. He pointed out the possibility of infection of the costal 
margin from infected lymph nodes along the internal mammary chain. Since 
infection in one costal margin may extend to the xiphoid and then to the opposite 
side, ho suggested that it might be well to do a clean operation near the xiphoid, 
thus interrupting the continuity of the costal margin in a clean field and thereby 
preventing extension. Siler, in closing, discussed the question of whether the fifth 
and sixth cartilages touch and said that he believed sufficient detailed anatomic 
studies had not yet been made to answer this question. 


George Hammond, Ann Arbor: Elevation of the First Metatarsal Bone With 
Hallux Equinus. — Forty-t^^•o examples of elevation of the first metatarsal with 
hallux equinus were reviewed. The modes of production, methods of prevention, 
and operative correction of the deformity were considered. 

The deformity is caused by a muscular imbalance of the foot which is the re- 
sult of various primary diseases. An imbalance of muscles acting upon the first 
metatarsal caused the deformity in SG per cent of the cases, while 14 per cent 
were the results of muscular imbalance of the great toe. 

The primary disease was anterior poliomyelitis in 64 per cent of the examples. 
Tendon transference accounted for the deformity in 70 per cent of the cases in 
this group (45 per cent of the total series). Before transference of the peroneus 
longus tendon careful consideration should bo directed to the affect of such trans- 
ference upon the first metatarsal. This tendon should not be transferred to the 
region of insertion of the anterior tibial tendon nor should it be transferred to 
the os calcis without regard for a strong anterior tibial muscle. 

The results of operative correction of this deformity liad been relatively good. 


Cameron Haight, Ann Arbor: Congenital Atresia of Esophagus With Tracheo- 
esophageal Fistula.— The pathology of congenital atresia of the esophagus with 
tracheo-esophageal fistula was reviewed and a brief rfisume of the literature per- 
■ to this subject was given. A detailed report of such a case treated by 
^“^“\"ive repair was presented. This patient made a good recovery from the oper- 
atic, and had been followed for nearly one year. 

W Logie, Ann Arbor: Mastopathia Cystica and Carcinoma of the 
James • j.j,g literature was made and resulted in considerable evi- 

Breast.— A ^ casual or causal relationship between mastopathia cystica 

dence to suppor Mastopathia ej-stiea was found histologically in 67 or 

and mammary oar of carcinoma of the breast treated hy 

57 per cent of ^ sixteen of these cases, or 13.5 per cent, the carcinoma 
radical mastectomi. mastopathia cystica. This degree of asso- 

appearecl to be arising tjjrongh chance distribution. The liiglicst incidence 

ciation cannot be e^e jcvind in patients in tlie decade of 40 to .50 years, 

of mastopathia cystica continued at the same high level for the next 

whereas the incidence ot • mastopathia cystica is made, the patient 

decades. Once the a <t, 

» for article by Siler. 

• see page ^*1' 
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A series of fifty amputations -was reported in -wliicli tfie mortality rate -was 12 per 
cent. Extensive use of conservative treatment prior to amputation bad been em- 
ployed. In a survey of tbe deaths of this series the importance of surgical judg- 
ment rvas stressed. Hondrainage of closed amputation rvounds rvas thought dan- 
erous, especially for the surgeon of limited experience. In extensive organic 
arterial occlusion, minor amputations rvere almost always unsuccessful and greatly 
increased the risk incurred in secondary major amputations. It was concluded 
that the operative risks involved in major amputations should not be greater than 
that for other major operations performed upon patients of advanced age with 
extensiv-e arteriosclerosis. 

In discussing the paper, George E. Wilson inquired if Dr. Theis would resort to 
conservative treatment in diabetic gangrene in which pulsation in one of the 
ve.ssels of the foot was present. He believed it to be a useful procedure. 

In closing, Theis stated that there were no instances of amputation where one 
of the ankle arteries was not occluded and that conservative treatment was suc- 
cessful where the vessels were incompletely occluded. He mentioned the fact that 
in his reported series ethylene anesthesia was used in almost every case. 

Bussell C. Hanselman, Cliicago: Experimental Shock: Hemorrhage. — The speaker 
presented experimental data obtained from the production of shock in dogs by 
hemorrhage. The following alterations in the physical and chemical properties 
of the blood were noted; (1) the sedimentation rate is probably increased beyond 
the amount accounted for by the lowered red blood count; (2) the white blood 
count showed a rise with a terminal fall; (3) the hematocrit parallfeled the red 
blood count fall; (4) when the cell volume, the cell hemoglobin, and cell hemo- 
globin concentrations are considered it was found that the cell size in cubic 
microns decreased as hemorrhage progressed; (5) the cell hemoglobin and cell 
hemoglobin concentration increased; (6) the blood specific gravity did not de- 
crease as rapidly as either the red blood count or the hematocrit; (7) the plasma 
proteins paralleled the specific gravity of the plasma; (8) blood chlorides showed 
a slight decrease; (9) blood sugar showed an increase; (10) the N. P. H. varied 
only within the normal range, with a slight upward trend; (11) the serum sodium 
decreased with hemorrhage; (12) the blood and serum potassium increased; (13) 
the calcium decreased; (14) magnesium increased; (15) inorganic phosphorus rose 
sharply with the onset of shock; and (16) moderate inorganic acidosis occurred. 

The respiratory rate showed much individual variation and no characteristic 
change. The animals died after a blood loss equivalent to 4 to 5.5 per cent of 
the body weight had occurred. 

Jacob Berman, Indianapolis, in discussing the paper by Power, Pedersen, and 
Maddock,* on their clinical experience with sodium chloride replacement therapy, 
strc.ssod the importance, when supplying fluids, of making sure that the 3 ' would 
be retained by the capillaries. For this purpose protein and oxj-gen are necessary. 
When large quantities of saline solution arc given, the osmotic pre.sstire is lowered 
and the hydrostic pressure increased thus permitting the loss of fluid into the 
tissue spaces. Tlius, it becomes neces.sary to study the blood chloride, hematocrit, 
and plasma protein when a patient is being maintained on intravenous fluids. It 
is the compensatory mechanisms which permit the introduction of 1,000 c.c. of 
normal .saline solution into the circulation without regard to the hj-pochloreraia 
which may or may not be present. Thus, 9 Gm. of salt arc introduced into the 
circulutioii. If needed it i,s retnined, if not, writer is attracted into the blood 
stream and sodium and chloride arc lost in the urine. In certain di.scase state.s 

43S for nrtlrlf Ity Pow^r, rfdon*pn. nnfl MnOilock. 
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In n discussion of tlio paper on aspiration bronchopneumonia b}- Apfelbach,* 
Stuart C. Cullen, Iowa City, ashed the speaker if he could give an estimate as 
to the minimal amount of contamination which the average patient could with- 
stand. W. H. Cassels, Chicago, called attention to the fact that many patients 
liavc gross contamination of tlic tracheobronchial tree from aspiration and yet do 
not develop extensive broncliopneumonia. Often suction by means of a catheter will 
remove mucli of tliis material. The fatal cases of aspiration of gastric contents are 
usually in patients who are debilitated. In concluding, Apfelbach explained that 
the condition which he had described is due to the fact that the aspirated gastric 
content contains a high concentration of hydrochloric acid and is rich in bacteria; 
the serious lesions are the result of this combination rather than being due to 
either the chemical effect or the bacterial content alone. 


Harry G. Hardt, Jr., Chicago: Comparison of the Course and Direction of Fatal 
and Nonfatal Gunshot Wounds of the Chest. — A comparativ'e study was made of 
one hundred patients who expired within twelve hours after being .shot in the 
chest and of one hundred patients who recovered from penetrating gun- 
shot wounds in this region. In the fatal cases profound hemorrhage was a 
constant finding usuall 5 * due to injury of the heart aorta or large mediastinal 
vessels. The majority of the wounds of entrance in both groups were located on 
the anterior thoracic wall and in the fatal group they were practically confined 
to the mid-chest and the left lower anterior region. A comparison of these two 
groups in oro.ss section of the chest revealed that the fatal wounds crossed the 
mediastinum in praeticallj’ every instance while the nonfatal wounds rarely en- 
tered the mediastinum. Comparison of the vertical angles of the wounds of both 
series showed no demonstrable diiferences. Protection of the chest with some tj'P® 
of bullet-resisting material from the episternal notch above to the si.xth inter- 
space below, and from a point 5 cm. to the right of the right border of the sternum 
to the left anterior axillary line, would have prevented sixty-four wounds of the 
anterior chest in the fatal series. 


George M. Curtis, Columbus, Ohio, in a discussion of the paper on familial 
hemolytic jaundice by McLaughlin, Jr.,t called attention to the genetic signifi- 
cance of congenital hemolytic icterus and .suggested the term “genetic hemolytic 
icterus” for this disease. Considering the genetic background, he reported a ease 
of splenectomy performed upon an infant 53 daj-s of age, presumably, the young- 
est patient upon whom splenectomy had been successfully performed for an acute 
henioclastic crisis. He pointed out that if a mother is splenectoraized, she will 
Kter bear children who will have the same disease and conversely, the splenectomized 
fither can beget children with the disease. 

luding McLaughlin warned against errors in diagnosis and attempts at 
r <r the lesion of the biliary tract before taking care of the spleen since 
correctin,^ mecipitating a crisis with the immediate and urgent demand 

there is anger after the operation upon the biliary tract. He 

of performing “ ^jelieve that the increase of red blood cells and hemoglobin 

stated that he i due to hemoconcentration. He called attention 

occurring during sp . t,,;g disease; their treatment consists in eradica- 

te the leg ulcers often pi • 
tion of the primary disease. 

P, • „„o- Amputations for Advanced Arterial Disease; A Crif- 
Trank V. TheiS, clinical study wa.s conducted in order to de- 

ical Analysis of the Hor ‘ amputations increased the mortality. 

.s.» W 

tSee page 419 
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A series of fifty amputations was reported in wliicli the mortality rate was 12 per 
cent. Extensive use of conservative treatment prior to amputation had been em- 
ployed. In a survey of the deaths of this series the importance of surgical judg- 
ment was stressed. Nondrainage of closed amputation wounds was thought dan- 
erous, especiallj' for the surgeon of limited experience. In extensive organic 
arterial occlusion, minor amputations were almost always unsuccessful and greatly 
increased the risk incurred in secondary major amputations. It was concluded 
that the operative risks involved in major amputations should not he greater than 
that for other major operations performed upon patients of advanced age with 
extensive arteriosclerosis. 

In discnssing the paper, George E. Wilson, inquired if Dr. Theis would resort to 
conservative treatnient in diabetic gangrene in which pulsation in one of the 
vessels of the foot was present. He believed it to be a useful procedure. 

In closing, Theis stated that there were no instances of amputation where one 
of the ankle arteries was not occluded and that conservative treatment was snc- 
cessful where the vessels were incompletely occluded. He mentioned the fact that 
in his reported series ethylene anesthesia was used in almost every case. 

EusseU C. Hanselman, Chicago; Experimental Shock: Hemorrhage. — The speaker 
presented experimental data obtained from the production of shock in dogs by 
liemorrhage. The following alterations in the physical and chemical properties 
of the blood were noted; (1) the sedimentation rate is probably increased beyond 
the amount accounted for by the lowered red blood count; (2) the white blood 
count showed a rise with a terminal fall; (3) the hematocrit paralUled the red 
hlood count fall; (4) when the cell volume, the cell hemoglobin, and cell hemo- 
globin concentrations arc considered it was found that the cell size in cubic 
microns decreased as hemorrhage progressed; (5) the cell hemoglobin and cell 
hemoglobin concentration increased; (6) the blood specific gravity did not de- 
crease as rapidly as either the red blood count or the hematocrit; (7) the plasma 
proteins paralleled the specific gravity of the plasma; (S) blood chlorides showed 
a slight decrease; (fi) blood sugar showed an increase; (10) the N. P. N. varied 
only within the normal range, with a slight upward trend; (11) the serum sodium 
decreased with hemorrhage; (12) the blood and serum potassium increased; (13) 
the calcium decreased; (14) magnesium increased; (15) inorganic phosphorus rose 
.sharply with the onset of shock; and (16) moderate inorganic acidosis occurred. 

The respiratory rate showed much individual variation and no characteristic 
change. The animals died after a blood loss equivalent to 4 to 5.5 per cent of 
the body weight had occurred. 

Jacob Berman, Indianapolis, in discussing the paper by Power, Pedersen, and 
Maddock,* on their clinical experience with sodium chloride replacement therapy, 
stressed the importance, when supplying fluids, of making sure th.at they would 
he retained by the capillaries. For this purpose protein and oxygen are necessary. 
When large quantities of saline solution are given, the osmotic pressure is lowered 
and the hydrostic pressure increased thus permitting the loss of fluid into the 
tissue spaces. Thus, it becomes necessary to study the blood chloride, hematocrit, 
and plasma protein when a patient is being maintained on intravenous fluids. It 
is the compensatory mechanisms which permit the introduction of 1,000 c.c. of 
normal saline solution into the circulation without regard to the hvpochlorcmia 
which may or may not he present. Thus, <1 Gm. of salt are introduced into the 
circulation. If needed it is retained, if not, water is attracted into the -blood 
.stream and so<lium and chloride are lost in the urine. In certain di.sease states 
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these substances may be tost into the tissues thus producing edema, not only in 
the subcutaneous tissues but in the lungs, pleural and peritoneal cavities, and the 
brain. Therefore, salt replacement therapy should be carefully controlled. 

W. H. Cassels, Chicago: The Surgeon and the Anesthesia Technician.— The 
•speaker gave the folloiving suggestions to surgeons employing nurse anesthetists: 
(1) to realize the fact that ethylene and nitrous oxide are not potent anesthetic 
agents and that deep anesthesia n-ith these agents should not be demanded; (2) to 
allow ample time for the induction of anesthesia; (3) not to demand extremely 
deep anesthesia, going beyond the limits of safety; (4) not to deprive the anes- 
thetist of access to the respiratory tract. He stressed the importance of good 
judgment in the use of preanesthetic medication and of the surgeon being able 
to recognize and deal with anesthetic emergencies when they arise during the 
course of the operation. 


During the discussion of nonasphixial nitrous oxide anesthesia from his paper 
Avith McQuiston, Stuart C. Cullen* stated that with the relatively heavy medica- 
tions which they use in nitrous oxide anesthesia and with 20 per cent oxygen sup- 
plied to these patients, there is no interference with the cellular oxidation suffi- 
cient to interfere with the individual’s metabolism. 

He said he had expected to receive some comment relative to the effect on the 
cell of the relatively heav}' premedication used in this nitrous oxide anesthesia. 
It can be argued that in spite of the fact that 20 per cent oxygen is supplied to 
these individuals, and the arterial blood kept well saturated, the tissue is unable 


to use it because of the excessive premedication. 

They feel, of course, that they are not interfering with the cellular oxidation 
sufficiently enough to cause temporary or permanent damage. 

Jacob Berman thought that the discussions on anoxemia were equally pertinent 
because even though a patient has ample fluids of all kinds he must have a suffi- 


cient amount of oxygen so that this fluid will be retained. In this connection, 
shock due to hemorrhage must necessarily be treated differentlj' than shock due 
to burns or other trauma. Plasma is sufficient in the latter to restore normal 
circulation because there is hemoconeentration, whereas in the former there is, in 
addition an anemic anoxemia. Whole blood will be required so that O-xj'gen may 
be carried to the endothelium and other tissues. 

During the present emergency we are all engaged in the organization of first- 
id squads. We must constantly emphasize that there are two things we cannot 

r without ^blood and oxygen. No matter how our mechanisms compensate for 

h ■ deficiencies or for their insults, if there is not available an adequate supply 
h*^ the patient will not survive. A lack of either will produce anoxemia, and 
° *^°°‘thout the other is useless. Therefore, in tlie care of the injured we must 
one wi 1 bleeding and those who are deprived of oxygen first. 

v^drou of blood counts and oxygen must be available, 
bvery up 'd "I have always taught that ether is by far the safest anesthetic 
Berman sai ’ ^ ^ believe that it is the man who gives the anesthetic rather 
bnown. agent which is perhaps most important. Dr. JIcQuiston has 

than the anes Soap-ers of anoxemia in surgical anesthesia which can occur 

properly evaluated oxide.” 

with ether as n ell as group that he and Dr. Cullen are not personally 

McQuiston exp and so did not mention that in the paper. How- 

familiar yet wit 1 V ar |],g only inhalation anesthetics that are being 

ever, it is their unc ers ^ surgery at tlie present time are nitrous oxide and 

used with any frequenej^ become popularized in the army hospitals, and 

ether. Cyclopropane la i -.i, faces us the re-evaluation of nitrous oxide at 

a jIcQuiston and Cullen. 
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Norris J. Heckel, Chicago; Sex Hormones. — A study -was made on the effect 
of male and femaio sox lioimoncs upon the function of the normal testis, tho 
volume of the seminal fluid, and tho prostate gland. Testosterone propionate 
caused a spectacular drop in the number of spermatozoa duo to extensive altera- 
tions of tho seminiferous tubules. This substance has very little if any effect 
upon the volume of the seminal fluid. No effect of the male sox hormones upon 
benign prostatic hypertrophy could be demonstrated. Alpha e.stradiol benzoate 
and diethylstilbestrol vero also used for similar studies. These two preparations 
exert tho same effect upon tho spermalogenic function of tlio human testis as 
testosterone propionate. In contrast to the male sex hormone, however, tho fe- 
male sex hormone causes a marhed suppression or complete disappearance of the 
seminal fluid, .suggesting that the sccretor 5 ' mcch.anisms of the prostate gland and 
seminal vesicles arc affected. Diethylstilbestrol was tried in cancer of tho pros- 
tate with general clinical improvement. 

In a discussion of the paper, Linden Seed, Chici\go, related his experiences in 
tho use of colchicine, a ni 3 'cotie poison, in its effect upon cancer. There was at 
first a subsidence of tho neoplastic process but later accelerated growth occurred. 
Ho pointed out the similarit)' in formula of the estrogenic hormones and the mj'- 
cotic poisoms. Ho believed that ever)'' carcinogenic agent is also an inhibitorj' 
agent to cancer and every inhibilorj' agent is carcinogenic. Ho believed that the 
effect of tho estrogenic hormone is probablj' not hormonal but rather duo to its 
mycotic poisonous effect. Sooner or later a drug should bo found in which tho 
inhibitorj- effect is more marked than the carcinogenic effect. 

Kellogg Speed, Chicago: Malignant Degeneration of Neurofibromata, of Periph- 
eral Nerve Trunks (von Recklinghausen’s Disease). — Tins paper was presented to 
emphasize the dangers of incomplete operations or irritation of tliese tumors in 
peripheral nerve. According to the literature, the occurrence of sarcoma in tlic 
neurofibroma of peripheral nerves averages from 8 lo 15 per cent. Two cases wore 
reported in detail from a scries of fifteen instances of von Eeoklinghauson ’s dis- 
ease admitted to tlie Prc.sbyterian Hospital. The following conclusions were drawn: 
(1) The development of pain along the course of a peripheral nerve containing a 
tumor, in a patient with von Rccklingliauscn’s disease, suggests sarcomatous de- 
generation of the neoplasm; (2) operative removal of a tumor mass involving a 
peripheral acvve should be vovj' carcfullj’ and thoroughly performed since such 
operative interference maj- lend to local recurrence or distant metastasis of the 
tumor; (3) if sarcomatous proliferation is believed to bo present, early amputa- 
tion, if possible, is the be.st treatment. According to tlio literature, x-raj' thorapj' 
is of little value. 

Prank V. Thels, in a discussion of the paper, related an iinii.sual experience in 
which a neiirofibronia of tiic femoral ncivo was removed five time.s. After the fifth 
removal the patient was given very intensive deep x-ray tlierapj' witli appaicnt com- 
plete cure. Rccontlj' the patient had returned and roentgen studios of tlie chest 
sliowod a liugo intralhoracic tumor whieli later was removed siirgicall.y. Micro- 
scopically, the tissue was exactly the same as that in tlio tumor provioiisl.v re- 
moved from tho log. 

In closing, Speed einphasir.ed the point that his rcnuvrks were concerned purely 
with sarcomatous degeneration in von Recklinghausen’s disease, lie pointed out 
that while the original tumor may scoiii to remain encapsiilalod in tlio original 
area, distant metastasis is not infrequent. 

Edward Pamall, Minot, diseiiii.'.eil a method of oxtensive lamiaectomi- nilli rcjdace- 
ment of reinoved laminae, as de.»rribed by Albert S. Crawford* in ids iiaper on the 

•See pane tsc reticle by Crawforil, 
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these substniices iiiiiy be lost into the tissues thus producing edema, not only in 
the subcutaneous tissues but in the lungs, pleural and peritoneal cavities, and the 
brain. Therefore, salt replacement therapy should be carefully controlled. 

W. H. Cassels, Chicago: The Surgeon and the Anesthesia Technician.— The 
speaker gave the following suggestions to surgeons employing nurse anesthetists: 
(1) to realize the fact tlmt ethjdene and nitrous oxide are not potent anesthetic 
agents and that deep anesthesia with these agents should not be demanded; (2) to 
allow ample time for the induction of anesthesia; (3) not to demand extremely 
deep anesthesia, going beyond the limits of .safety; (4) not to deprive the anes- 
thetist of access to tlie respiratory tract. He stressed the importance of good 
judgment in the use of preanesthetic medication and of the surgeon being able 
to recognize and deal with anesthetic emergencies when they arise during the 
course of the operation. 


During the discussion of nonasphixial nitrous oxide anesthesia from his paper 
with McQuiston, Stuart C. Cullen’' stated that with the relatively heavy medica- 
tions which they use in nitrous oxide anesthesia and with 20 per cent oxygen, sup- 
plied to these patients, there is no interference with the cellular oxidation suffi- 
cient to interfere with the individual’s metabolism. 

He said he had expected to receive some comment relative to the effect on the 
cell of the relatively heavy premedication used in this nitrous oxide anesthesia. 
It can be argued that in spite of the fact that 20 per cent o-xygen is supplied to 
these individuals, and the arterial blood kept well saturated, the tissue is unable 
to use it because of the excessive premedication. 

They feel, of course, that they are not interfering with the cellular oxidation 
sufficiently enough to cause temporary or permanent damage. 

Jacob Berman thought that the discussions on anoxemia were equally pertinent 
because even though a patient has ample fluids of all kinds he must have a suffi- 
cient amount of oxygen so that this fluid will be retained. In this connection. 


shock due to hemorrhage must necessarily be treated differently than shock due 
to burns or other trauma. Plasma is sufficient in the latter to restore normal 
circulation because there is hemoconcentration, w-hereas in the former there is, in 
addition, an anemic anoxemia. Whole blood will be required so that oxygen may 
be carried to the endothelium and other tissues. 


During the present emergency we are all engaged in the organization of first- 
aid squads. We must constantly emphasize that there are two things we cannot 

live -without blood and oxygen. No matter how our mechanisms compensate for 

their deficiencies or for their insults, if there is not available an adequate supply 
of each the patient will not survive. A lack of either will produce anoxemia, and 
without the other is useless. Therefore, in the care of the injured we must 
-a rlinsp who are bleeding and those who are deprived of oxygen first. 

have always taught that ether is by far the safest anesthetic 
Berman Si > ^ Relieve that it is the man who gives the anesthetic rather 

known. agent which is perhaps most important. Dr. itcQuiston has 

than the ancs i gangers of anoxemia in surgical anesthesia wliich can occur 

properly evaluates ^ tde ^ ^ 

with ether as well as " ^ group that he and Dr. Cullen are not personal]}- 

McQuiston exp and so did not mention that in the paper. Horv- 

fiimilier yet rvyh uar <,„]y inhalation anesthetics that are being 

ever it Is their under * surgery at the present time are nitrous oxide and 

Led with any frequency ’ not yet heconie popularized in the army ho.spitals, and 
ether. Cyclopropane has faces us the rc-evaluntion of nitrous oxide at 

because of 

this time is par mu . jIcQuiston and Cullen. 

■ — j-o tor article bj 
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Clinical Eoentgenology of Eregnancy. By William Snow, M.D., Springfield, HI., 

1942, Charles C Thomas, Publisher. 

This brief monograph represents selections from the observations of the author 
and his associates on the roentgen examination in pregnancy. It is divided into a 
number of parts. The first encompasses a thorough-going discussion of the tech- 
nique of roentgen examination. There follows a very brief discussion of tbe clinical 
roentgenology of pregnancy. This is scarcely an adequate presentation, although 
the diagnosis of abnormalities of the fetus and of position are touched upon. The 
statement that the diagnosis of pregnancy cannot be made roentgenologically before 
fifteen weeks is in error. 

The author presents a relatively simple method of pelvimetry which, while not 
as accurate as others, may be good enough for general clinical use. This is pre- 
sented in some detail with directions for the use of the method wliich are easy 
to master. The discussion of soft tissue roentgenography for the demonstration 
of the placenta is adequate. Snow prefers the use of air rather than sodium iodide 
in the bladder and also in the rectum for contrast. He also uses the lateral view 
of the abdomen without contrast media. The discussion of the effect of hydramnios 
on the roentgenogram is very interesting. The final section is comprised of case 
reports which are well presented and give good illustrations of the value of 
roentgenography in pregnancy. The bibliography is not elaborate, but is adequate. 

The monograph suffers from a rather crude literary style. The use of “x-ray” 
as a verb, of the terra “x-ray picture” and many other such expressions is to be 
deplored. Tire information, bowever, is fundamentally sound and well presented. 


1941 Yearbook of General Surgery. Pp. 3C9. Chicago, 1941. The Year Book 

Publishers, Inc. 

Tlie Year Book of General Surgery has become an indispensable aid to every 
'•urgeon who e.ssays to enconipa<iS the developments in .surgery from year to j'Car. 
It is essentially a piactieal book, dealing with lielpful new teclmiques. Tlie source 
of the material is world wide in its scope, much of it coming from journals, which 
do not ordinarily come beneath the surgeon’s notice. Kumerous editorial comments 
by Ur. Evarts Graham permeate the whole volume and contribute much to its value. 
.K wunber of the editorial comments have important historic connotations, affording 
tlic reader useful orientation witli reference to innovations and usage. It is not an 
easy task to keep this annual review of surgical literature up to a high standard of 
exi'cUcnce, an accomplishment a Inch the editor achieves year after year. Tlie work 
can he recommended Iiigidy, not alone for its instructional value, but as a source 
hook which does not alloiv the reader’s interest to flag. 


Books Eeceived 

The receipt of hooks is acknowledged in this section and this treatment must 
he regarded as sutheient ackiiowlcdgmont of the courtesy of the sender. Selections 
will he made for more exteii'-ive review dictated by the mterest.s of our readers and 
as space permit'. 

Ixiu'STiu.M. .srnnmiY ; vnixciw.rs, axu ru.W'TiCK. By Willis W. I.ashcr, 

It.l)., I’..\..e.S. Cloth. Pnee iftl.ot). Pp, 472, with 11>4 illu't rations. Kew York 
1912, Paul B. ICoeiier, lac. 
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subioct. Pariuill asKcd it the spoiiKcr had performed any ordin.irj spin.il fusion 
operations af tci lamniectomj . Crawford, in closing, related his experience in one 
case 'tthcrc an extensile hone graft from the tibia had been used nith recurrence 
of symptoms one year later. At rcoperation, marked oiergronth of bone had 
occuried and it ivas this experience, in p.art, nliich led him to iioik out the opera 
tion described. lie believed that thcieby the back should be made nearly as 
stiong, the daiigei of oiorgionth of bone overcome, and operative tiauina minim 
ired. lie also behoved the patient could return to vvoik earlier than the patient 
n ith a bone graft. 
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Original Communications 

INTERNAL "WIRING FIXATION OP FACIAL FRACTURES 

"William Miltox Adams, M.D., Memphis, Texx. 

F^UE to the increased Diimher of exteiLsive facial fractures within 
the last few years, there is an obvious need for a method of treat- 
ment of such fractures which may be quickly applied and one which 
affords complete immobilization. After using numerous tjqies of ex- 
traoral appliances, including those attached to plaster headeaps, for 
immobilizing fractures of the maxilla and other facial bones, the author 
has found these appliances are complicated, their prepai-ation and ap- 
plication are time consuming, they are cumbersome and uncomfortable 
for the patient, and they require close watching and repeated adjust- 
ments on the part of the surgeon. The fact that practically everyone 
treating these fractures has a different tjqie of extraoral appliance 
suggests that this method is not entirely satisfactory. 

During the past eight years, we have treated eighty-five fractures of 
the maxilla. The -occurrence of head and other facial injuries with 
fractures of the maxilla is shown in Table I. 

As may he seen, there were three fatalities iu this series, all three 
of the patients having had an as,sociated brain injury. Two died of 
concussion and contusion of the brain, and the third of cerebral men- 
ingitis. AH expired befoi'e their physical condition would permit man- 
ipulative procedures for reduction ofdhe facial fractures. 

Until two years ago, .some t 3 "pe of extraoral appliance was generally 
employed in these eases. Since then, open reduction and fixation by 
wiring of the fractured parts to the neighboring unfraetured bony 
structures have been carried out in all cases wherein immobilization 
was required, with three cxcqitions; in these three, open reduction 
was cold r, vindicated and it was neeessaiw to resort to the use of an 
ext moral appliance. 


for puMlcatlon. Mny 
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eavried out on both sides at the same time, with special attention to 
any asymmetry, irregularities, or crepitus. 

In fractures of the maxilla with downward displacement, inspection 
will reveal an elongation of the middle third of the face ; if the maxilla 
has been depressed backward as well, the patient Avill haA'e a “dish- 
pan” face, particularly if the nasal bones are also depressed, and the 
teeth Avill be in malocclusion. 

In any facial injury, one should always determine whether the upper 
jaw is movable. This is easily accomplished by grasping the upper 
teeth betAveen the fingers of one hand Avhile- supporting the back of the 
head Avith the other. Slotion may be up and doAvn or from side to side. 
When up and doAvn, moA'ement of the infraorbital ridges may often be 
detected. One should also oliseiwe AA'hether motion of the lower jaAv is 
limited on opening and closing or in the shift from side to side. 

Roentgenograms should lie made routinely in the posterior-anterior 
and lateral vicAvs, and should include all the facial bones of both the 
upper and loAver jaAvs. Some fractures, especially those of the tem- 
poromandibular joint, may not be demonstrated in these routine films ; 
AA'hen such fractures are suspected, roentgenograms in special a’Icavs 
should be made. 

Anesthesia . — If the bonj^ fragments are not impacted and i-eduction 
is possible by manipulation, the procedure may be carried out under 
local anesthesia. In more difficult cases a general anesthetic is neces- 
sary. the type depending lax'gely upon the skill of the anesthetist. 
Intratracheal anesthesia and sodium pentothal are both satisfaetoi-y, 
but should be given only by one Avell-trained in their administration. 
When there is any doubt as to the choice of the anesthetic, the use of 
ether by the open method is adA’isable. 

Technique . — After the diagnosis has been made, one should Ausualize 
the fractured parts in their architectural relationship to the normal 
bony structures. Avithout regard to the overlying soft tissues. The 
treatment then should be relatiA-ely simple. The soft tissue Avounds 
should, of eour.se, be treated in the usual manner. 

Fractures of the maxilla are rarely encountered alone, rathei-, they 
are generally associated Avith fractures of one or more of the other 
facia! bones, including the mandible. Since the maxilla is the founda- 
tion structure, accurate apposition and immobilization of this fracture 
is of prime importance: once these are accomplished, immobilization 
of the secondary fracture offers little difficulty. 

In carrying out this method of open reduction and fixation of frac- 
tures of tile facial bones, it is necc.s,sary to make an incision at only 
one or two sites; overlying the infraorbital ridge, or at the lateral 
margin of the su]>raorbital ridge, depending upon the bones involved. 
In the event of a laceration over either of these areas, the wires mav 
be inserted through the Avound. 
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^ TJlis metliod Jiot only meets the refiiiireinenls of facility of opera- 
tion, complete immobilization, and sound surgical principles, but is 
applicable to practically every type of fracture of the facial bones. 
The procedure may be carried out with only a pair of pliers, a small 
drill and dissecting set, and a spool of fine stainless steel wire. Since 
complete immobilization is obtained, repeated adjustments are umieces- 
sarj'' and the patient is spared much discomfort and ineonvenienee. 
Patients are usually able to resume their activities after the tissues 
have recovered from the acute stage of the injury and when healing 
is complete the wires are easily removed. Regardless of how extensive 
the fractures, immobilization by this method has pi-oved far simpler 
and more satisfactory than by the use of extraoral appliances attached 
to plaster headcaps. 


T..VBLE I 


Distribution of Eighty-Five Fractures of the Maxilla and Associated Injuries 

(193-1 TO 1941) 
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A'TMBER 

OF 

CASES 

FRAC- 
TURE OF 
THE MAN- 

DIBEE 

FRAC- 

TURE 

OF THE 

ZYGO.MA 

frac- 

ture 

OF THE 
NASAL 
BONES 

I FRAC- 
TURE 

OF THE 
SKULL 

1 

FACIAL 

LACER- 

ATIONS 

INFEC- 

TION 

■WITH 

DRAIN- 

AGE 

DEATHS 

1934 

4 

1 








8 

3 

3 





1 

1936 

5 

1 

3 

1 





1937 

4 

1 

3 

1 





1938 

12 

2 


mm 





1939 

13 

2 





1 

1 


17 

2 


mm 

1 1 

11 

2 

1 

1941 

22 

7 



1 

17 

2 1 


Total 

85 

19 

22 1 

10 1 

5 1 

50 

5 

3 


Undoubtedly, in the exceptional case, extraoral appliances are essen- 
tial and therefore should be included in the armamentarium of every 
suroeoii who does this type of work. In the presence of infection, 
particularly in compound fractures, open reduction is definitely con- 
traindicated. Even here, however, an extraoral appliance may be re- 
quired only for temporary immobilization ; after the infection subsides, 
one may remove the appliance and wire tlie fragments together. 

The treatment of fractures of the facial bones must, of course, be 
• d‘ dduabzed. In greenstick fractures of the maxilla with only slight 
r ■ 11 of the teeth, for example," immobilization by oiien reduc- 
maloce u i appliances may not be necessary. Motion of the lower 

tion or ex u upper will generally shift the teeth into occlusion. 

jaw aga acute injuries of the face, the surgeon should have 

Diagnosis. j,g(,oo-nizing gross fractures of the faeial bones, even 
no difficult} m Although roentgenograms afford valuable 

without roentgeno,- • j„adc in all cases as soon ns the condition 

an accurate diagnosis may be made by 
of the patient perm' ‘ Examination by palpation should be 
careful inspection am i 
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ported by the immobilized large fragment. Following wring fixation 
of the infraorbital ridge, intra-antral packing with gauze or other sub- 
stance is unnecessary. 

Should the maxilla be separated in the midline, the teeth on the 
fractured side are fixed to those of the .sound side. In many eases a 
simple loop of wire is sufficient, though in more complicated cases, with 
loss of the teeth, an arch band may be required (Fig. 3). 



Fig 2 — A, Complete biHteral fracture of maMlIa ■nith comminutea fractures of 
nasal bones and infraorbital ridges B, Slaxilla held in position bv wires from the 
malar bones to the upper teeth, letter fragments of infraorbital ridges immobiliaed 
bj separate ttinng, fixation not necessat?. for smaller fragments. 



„1 d — *• CotnI>lr.ti' biKtml fracture of m ixiHa aith ■'ep.arntion in midlint ■i'-- 
-ociiiti M conipcnmd fneture of tbt mindible .at the -'mphtsic jfj Met il .irch bands 
oedfi e "1”* fr-icttins of maxilla n duced and luld in normal 

l.na 1 r ' . o'T'’ ''ifr.ioihitnl rldqi - to upptr .arcti bands on both sides, upper 

and lower t< . t!i fix. d in o. elusion with .irlhodontlc rubber bands 


I'or rcihu-tuiii mul mitiiuhili/atioii of fractures of the maxilla witli 
associated tfacturcs of the /ymunu or malar process (Fig. 4), an in- 
cision is made over the ridsc of the fiontal hone lateial to the supra- 
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111 a simple bilateral fracture of the maxilla (Fig. 1), a small incision 
is made over the infraorlhtal ridge on either side. A hole of sufficient size 
to accommodate a No. 25 or 26 stainless steel wire is bored through the 
infraorbital ridge. The wire is then threaded through the opening, 
looped over the ridge, and both ends are passed together along the 
anterior wall of the antrum into the upper sulcus over the second molar 
teeth, where they are caught with a liemostat. One is surprised at the 
ease with which the wires are directed to the desired point of exit 
without the use of a guide. The fractured bone is then elevated to its 
normal position and the vdres are drawn taut and fixed to one or more 
of the teeth. The use of tlie loop around the infraorbital ridge is much 
more simple than tying the wire and its subsequent removal is easily 
accomplished. 

If the patient is edentulous, the wires may be attached to the false 
l)late, provided it is intact; otherwise, dental Avax may be molded 
around the alveolar ridge and over the hard palate, the Avires draAvn 
across the palate and tied in the midline, and the ends imbedded in 
the Avax. 



. A tilateral horizontal rractni p of maxilla . B, maxilla olevateil 

^‘T'li.’prfm normS position with wires c-xtendinp from the mfraoibltal ridKCs 
and maintaineu ui 
to the upper teeth. 

Once the wires enter tlie contaminated field of the month, fliey .should 
t hp drawn upward through the .soft tissues. If removal is necessary, 

Z loop ohould »t .™<I 11.- 'vitlKl.'..'-.. 

^ n ,,1-ixilla as.sociated with eommimited Iracfnres ol 

In fractiues 0 .sometimes nece.ssary to immobilize 

the infraorbi a i ^ | t],p outer half. This may be done 

soft tissue incision. An ;ulfli 1 ional liole is (IriHefi 


o’lTicnt of tlie 

the mfl-joL D tissue incision, imuiinMuu nun- !.■> aiihh. -* 

through the same j,niall loop of wire is inserted 

the mecuai nur ritl..,. .■•.iiillnt' 4'i'o <rT»l f c* fll’fl- 


throAAglt the mecnai The smaller fratfmenl.s. after reslora- 

through the two usually remain in place, being siij)- 

tion to their normal posdto , 
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teeth, exerting an upward and outward pull on the malar bone, holding 
it up in normal position. Should there be any question as to the ade- 
quacy of fixation, one should not hesitate to drill another hole in the 
malar bone just below the zygomatic-frontal suture line and, with a 
.small loop of wire, fix the malar bone to the zygomatic process of the 
frontal bone (Fig’, 5, 

In the.se cases, the malar bone and zygomatic process may be elevated 
by several other methods. By such methods, however, the malar bone, 
if completely detached, may subsequently be di.splaced by the strong 
pull of the masseter muscle. "With the procedure described, the bones 
may easily be re,stored to their normal positions and the malar bone 
firmly fixed to the frontal bone by wiring, through the one incision. 
Associated fracture of the zj'gomatic arch, after reduction, does not 
require fixation, since it has adequate .support from the underlying 
temporal muscle. 

Following reduction and immobilization of fractures of the maxilla 
and other facial bones, associated fractures of the nasal bones are re- 
duced and maintained in position by a nasal .splint, according to the 
routine method of treating such fractures when encountered alone. 

In bilateral fractures of the facial bones, the foregoing procedures 
are carried out, as indicated, on both sides. In bilateral horizontal 
fractures of the maxilla with separation in the midline (Fig. ,3), the 
two halves are drawn together and immobilized with arch liands or 
wii-cs. This should precede open reduction and fixation of the maxilla 
to the upper unfracturcd bones. If the mandible is not fractured, fixa- 
tion of the upper to the lower jaw is unnecessaiy. 

Oral Hygiene.— Thh is of the utmost importance. The mouth should 
be thoroughly ii-rigated every hour until the infectious .stage has passed, 
and thereafter three or four times daily. Normal .saline, boric acid, 
or any mild antiseptic solution may be used for the irrigations, though 
ordinary tap water .suffiec.s. Sterile solutions are neither practicable 
nor necessary. I’nle.ss (|uite sick, the patient may him.self carry out 
the procedure. The equipment con.sists merely of a large douche can 
or intravenous flask and three feet of rubber tubing to which a hard 
rubber or metal irrigating tip is attached. The ean is placed at least 
two feet above the ])atient’s head, so that the force of the .stream may 
be ample to insure adcfiuate cleansing. In addition to this mea.sure, 
the patient should be encouraged to brush his teeth with a small biaish 
when possible. 

The wires arc allowed to remain in ])laee for three to nine weeks. 
dei>ending upoiu.the location and type of the fracture. One may feel 
free to leave them undisturbed as long as nece.ssary. since thev cause 
little or no discomfort, as in the ease when an extraoral appliance is 
used. 
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rim, ju!st above tlie zj'gomatic-frontal suture line. With an 
elevator, the periosteum is separated from the frontal bone and a small 
hole is drilled thi-oug-h the ridge. A Avire is threaded through the open- 
ing, looped oAmr the ridge, and the tvo ends are passed beneath the 



Fie- i (Case 1). — At, Complete bilateral fracture of maxilla, comminuted fracture 
of infraorbital ridges, and nasal wings, fracture of both malar bones ; fracture of right 
mandible just above angle of jaw. Bi. Practuie of right malar bone reduced and wire 
passed from frontal bone behind body of malar bone and attached to upper teeth, 
fixing the maxilla and malar bones on this side. Same proceduie repeated on left, 
and, in addition, malar wired separately to frontal bone because of gross displace- 
ment ; fracture of right angle of mandible fixed by open reduction and wiring, upper 
and lower teeth wired in occlusion. 




-N j. Tviteral view, left -side, .showing riaetiires of 
Fig. 5 (Case lb"""-;, roiiise of wire from the frontal bone to the 
melnafafbone^ outwaid ami uiwai.I ,os.t,on. 


the fnchil hones; 
up;iei teeth, 


of the malai- hone, makim: tlieir e.vit in (he upper 
temporal surface .second mol;ir. Tlie dis-iiliieetl Imiies 

sulcus in the legiou nosiliou-s ami the tvii-cs are tied to (he 

are elevated to their piopti i 
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After healing is complete, the wire is severed through a small spear- 
point incision over the loop and removed through the mouth, in ordei 
to avoid contamination of the soft tissues above. 

Nature is kind in the treatment of these facial injuries, in that the 
blood supply of the tissues is abundant and healing takes place quickly. 
The scar over the infraorbital ridge, being horizontal, is almost in- 
visible, while that over the supraorbital ridge is at the edge of the 
eyebrow and consequently is also inconspicuous. 

In only one ease treated by the above method has infection developed. 
This was a bilateral fracture of the maxilla with fractures of both 
zygomas and of the nasal bones. Paradoxically, it was the first case 
in which v e ever used sulfanilamide locally. The drug was placed in 
the wound on only one side, and this was the wound which became 
infected. The wires were not disturbed, as the infection subsided 
following incision and drainage and treatment with hot compresses. 
There was no infection in the wound of the opposite side wherein sul- 
fanilamide was not used. 

The following cases illustrate the application of this procedure in 
the various types of fractures of the facial bones. 

Cash 1. — W. W., u -svlute male, aged 52 years, vas l.vnig on the floor, working 
on the rear a^le of a car from which the ■n heels had been removed, when the jacks 
slipped and the a\le fell across Ins face. He was admitted to the hospital four 
hours later, sufl'enng acutely and in a state of mild shock. Pantopon was given 
and the routine treatment for shock, including glucose intra\ enously, was carried 
out. 

On inspection, all the soft tissues of the face were giossly swollen, the eyelid.s 
being almost completely closed from the edema. The middle third of the face was 
elongated fiom displacement of the maxilla inferiorly and posteriorly, the orbital 
nni was elongated lertically from a downward displacement of the infraorbital 
ridges, there was a comminuted fracture of the nasal bones, and the malar bones 
were depressed. On palpation, it was apparent that all the facial bones were 
crushed. In addition, there was a fracture of the mandible just aboie the angle 
on the right, with anterior and lateral displacement of the posterior fragment. 

Almost ininied lately following the emergency treatment, the patient had a severe 
I Igor, followed by a temperature of lOi” P., and it was felt unwise to manipulate 
the fractures at this time. His tcier subsided under treatment with sulfanilamide 
and two da>s later rediietioii and inimobiliration were carried out under local 
anesthesia. 

The left malar bone was widely displaced, necessitating separate wiring to the 
7 ygomatic process of the adtacent frontal bone. Small liolcs were then drilled in 
the frontal bone lateral to the orbital region .pist above the rygomatic frontal 
suture line on both sides, a Xo. Z.") stainless steel wire was threaded through the 
opeiuiig, and the two ends of the wire were carried downward behind the mnlnr 
bone and under the soft stnieuires of the cheek, into the upper sulcus of the 
mouth 111 the region of the first and second molars. .After delation of the rygomatic 
arches and malar bone, the soft tissue wounds were closed. Uyelet wires were 
next placed around the upper and lower molar teeth on both «idc«. The ninxilln 
was then restoreil (o its nornml position and the wires from aboio were drawn 
taut and tiedsto those about the teeth of the lower jaw. In this manner the teeth 
were held in occUishiu and, at the sauic time, the fractured bones were maintained 
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in proper position. The anterior -wall of the antrum vras elevated with a male 
urethral sound inserted through the nares, the nasal bones were replaced, the pas- 
sages packed with vaseline gauze, and an external nasal splint was applied. 

Postoperative roentgenograms revealed the maxilla and other facial bones in 
good position. The displacement at the right angle of the mandible, however, 
was still apparent. Since it was impossible to reduce and maintain this fracture 
in normal position by manipulation, an incision 2 cm. long was made o\ er the 
angle and the bones were apposed and fixed with a No. 25 stainless steel n ire. 

During the first week, oral irrigations weie carried out hourly, supplemented 
by the use of oral pentaciesol at frequent intervals. The patient had a slight 
temperature for several days, though this gradually subsided under tieatment with 
sulfanilaniide. He improved rapidly thereafter and was able to leave the hospital 
two weeks following his admission. The wires around the facial bones were re- 
moved in the office eight weeks postoperatir ely. Because of the fracture of the 
mandible, it was necessary to maintain fixation of the lorver to the upper .law for 
a longer period. The patient now has full motion in the lower jaw, both vertically 
and laterally, the teeth are in good occlusion, and the contour of the face is normal. 




lie 8 (Case 2). — A, Bilatcj.il fracture of the ni.a.xilla, preen.^tick fracture of the 
rieht half, without displacement, coniplote bon> detachment of the left half of the 
maxilla with dorsnw.iid displacement of the right malar bone, crushing fracture of 
the nasal hones and infr.aoibital ridse*.. depressed fracture of the anterior and poste- 
rior walls of the frontal sinus, fiacluie of the cribriform plate. 

It, After redviction of fractuics, the points of wiring fixation at the right zigo- 
niatlco-frontal suture line .md the loft mfraorbit.il i idge, 

.tj, laitcnil now showing fractuics of the frontal sinus tegion. /!:, postoperatne 
latei al \ lew 

C.tRK 2. — it. .\. was a white maie, aged .13 \ear-. lie was a passenger on the front 
'Cut of a ear which was driten into a telephone pole, causing the mid portion of 
his face to strike the instrument boaril. He was admitted to the hospital an hour 
later and immediatelt guen routine treatment for shock. 

There was a laceration two inches long llirough the penosteuin of the forehead: 
multiple l.aceratioas ahont the right c\e; a deep stab wound o\er the upper part 
of the nose and frontal simis region, extemling into the frontal smiis am] nas.a! 
cavity; lacerations of the right ala: and an irregular through and through lacera 
tioii of the upper lip. The middle part of the fueo was depressed and ehiiig.ated. 
The right upper central and lateral incisors had been knoeked out. and the re 
timining upper, as well as the lower eentra! incisors were loose. 
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in -pTOper position. Tlie anterior rvaU of tlic antrum rvas eleiated with a male 
urethral sound inserted through the nares, the nasal bones were replaced, the pas- 
sages pached with vaseline gauze, and an external nasal splint nas applied. 

Postoperative roentgenograms revealed the maxilla and other facial bones in 
good position. The displacement at the right angle of the mandible, however, 
was still apparent. Since it nas impossible to reduce and maintain this fracture 
in normal position by manipulation, an incision 2 cni. long nas made oier the 
angle and the bones nere apposed and fixed with a Xo. 25 stainless steel wire. 

During the first neeh, oral irrigations were cairied out hourly, supplemented 
b\ the use of oral pentaciesol at irequent inters als. The patient had a slight 
temperature for sereral dais, though this gradualh' subsided under tieatment with 
sulfanilamide. He improved rapidly thereafter and was able to leave the hospital 
two necks folloning his admission. The wires around the facial bones were re 
moved in the office eight weeks postoperativ eh . Because of the fractuie of the 
mandible, it nas necessarv’ to maintain fixation of the loner to the upper jaw for 
a longer period. The patient now has full motion in the Ion ei jan , both v ertically 
and laterally, the teeth are in good occlusion, and the contour of the face is normal. 




“1 — Bilateral fracture of the maxilta. pTreen'^tick fracture of the 
m ,, . 11 . , ilisplacement con.plete bonv aetachiiient of the left half of the 

” oownvsanl thspi.iccnn nt of the right malar bone crushing fracture of 
ami infraorbital riilgos, ilcpieined fracture of the anterioi and poste- 
• lor Malls of the fiontal sinus, fractuie of the cribiitorm plate 

m of friicUiics the points of mu mg fixation at the right zvgo- 

ni.itico-frontal suture line and the left Infiaorbit-il iidge 

latoml^iiCM^' fractures of the fiontal sinus region 11 ., postoperative 


Casi 2 II, .X. Mas a white male, aged .Rt vears. He mus a ji.issenger on the front 
'eat of a car which wa' driven into a telephone pole, causing the mid portion of 
Ins face to strike the instrument board. He was admitted to the hospital an hour 
later and inimediatclv given routine frcatii.cnt for shock. 

Ihcre was a laceration two inches long through the periosteum of the forehead; 
mtiftipio laecrations about the right eve; a deep stab wound over the upper part 
of the nose and frontal siuns region, exleiiding into the frontal sinus and nasal 
ravitv, lacerations of the right ala; and an irregular through and thrmigh lacera- 
tion of the upper Iip. The middle part of the fai e was dejiressed and elong.ated. 

he right upjier central and lateral incisors hail been knocked out, and the re 
■aiiining upper, ns well as the lower central incisori, were loose. 
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Examination Te\ oaiad a compound erusUing fracture of tlie nasal bones extend- 
ing into the frontal s-iuu<;; the anterior wall of the frontal sinus was depressed 
and in contact nith the posterior nail, and there was an opening in the posterior 



plate throngl) nlucli a (•mall amount of brum ti'-vuc protruded. All the hony 
strortnres of tliii ri';;Kin rrore mo\a!>!e, tneluding the rrihriform plate, in .addi- 
tion, the inftaorhitnl regionq rwre cruxhcd innnrd, there was a greenetick fracture 
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of the n^ht inuMlhi «>tliout displacement, a fracture of tlie left half i\ith gross 
do^ nil aid and bacKwaid displacement, complete detacliiiient of the right malar 
hone, and a depiessed fracture of the /jgomatic aicli 

Ihe slviii about the 'wounds was tlioroughU cleansed, local anesthetic gicen, and 
the i\ouiids copiouslv ungated with waini saline solution Through one of the 
soft tissue wounds at the outer niaigin of the supiaoibital iidge on the right, the 
fracture in the fionto/^ goniatic legion was exposed and with a liea\j metal ele 
\ator and external inanipulation, the malar bone and zygomatic arch were re 
stored to normal position Tlie malar bone was aiichoied to the zigoniatic piocess 
of the frontal bone with small stainless steel wiie and the incision was closed 

Before manipulation of the fractiiies about the nose and maxilla, the nasal 
mucosa was cocainized and Ihe niaxillaiv legioii was anesthetized with iiei\e bloch 
and deep infiltiation of no\oeaiii Tliiough a small incision o\er the left infra 
orbital iidge, a hole was then dulled in the unfractured poition of the left malar 
bone and a loop of wire threaded tliiougli the opening and passed down beneath 
the soft tissues of the clieeh along the anteiioi wall of the antiuni, into the upper 
sulcus The fracture of the maxilla was next reduced, the occlusion of the teeth 
tested bv bunging the lower taw into contact with the uppei and the wire tied 
around the upper teeth on the left side, holding the maxilla up in proper position 

Because of the fiactuie of the cnbufoim plate, exfieme caie was exeicised in 
leducing the fiactures about the nose and frontal sinus legioii The anterior wall 
of the frontal sinus ivas ele^ated and the sinus again copioiish flushed with noi 
mal saline solution Since there was n laige fiacture opening from the frontal 
sinus to the nasal caMtj, the o\erljing soft tissue wound was closed without ei: 
ternal drainage 

After replacing the bonj caitilagenous nasal septum in the niidline, a small 
stainless steel wiie was thieaded thiough and through the nose o\er a lead plate 
on each side B ith a tiocar antial windows weic then nude undei the infeiioi 
turbinates In oidei to allow free diainage, packing of the n isal passages was 
omitted The patient left the openting room in fairh good condition, though the 


piognosis was legaided as poor 

An examination bj a neuiosurgcon leiealed nothing of paiticular significance 
except the piesence of blood fioni the middle eni in the external auditon canal 
on the left Onh conseii atii c treatment was thcietore adiised 


The patient was gneii 15 gr of sulfanilamide e\eri foiii houis and fluids woio 
limited His tempeiature reached its highest of 1021^,° T on the fust postopera 
tne dai, and thereaftei gradualh subsided, reaching noim.il on the fifth dm 
The nasal splints weie remoied at the end of the week and he left the hospital 
three dajs later His subsequent course was smooth, his onh conipl nuts being a 
double MSion and xertigo The fixation wire of the maxilla was lenioied in the 
oftice nine weeks aftei inseitioii 

Tt has now been two tears since the iii]iii\ and the patient has been working 
'"h foi the past tear and one halt Hm f iti il tontoni is noiniil, ocehision 
regu ar 3 perfect, the nasal pas- igcs iie iinobstriictcd, his hcinng is not 

of the ec ,,0 Jongei Ins doiil.Ie Msion On turning Ins head 

apprecia ) 3 to'sidc, he has a Irnnsiciit \ertigo is a result of the iiipin to 

qiiickh from si i otherwise has no notice ihlr ihUinilti from the 

left seniicireuiar tan n, 


m St s colored in ile. had betn strmk in tlie f ler In a Inin one hour 
Case S—t.n , ^ the hospital I" addition to multiple sin ill laei rations 

befoie his admission o j ucntion of tin iippi r Iqi iii the inidbiie, and n 

about the face, he ha( • -,UeoIir ridge, tht hnrd palilt, nnd tin 

traumatic cleft extend g |,,, ,„d tissues m<r the inandil.h 

„asal caMt3. ’"to ‘ ,te.l m the nndlm. and tin sM„pIn»is was wnhh sepa 
^cre also complete!' 
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rated. Tlie two upper central incisors and the left lateral incisor were loose, and 
the lo%% er central incisors had been knocked out. There was also a fracture of the 
zygomatic process on the right. 

Roentgenograms demonstrated a greenstick fiacture of the right ma\illa with- 
out gross displacement, complete displacement of the right malar bone downward 
and inward 'v%ith a fractal e of the right zj'gomatic arch, a complete fracture of 
the left maxilla v.\th the bone attached only to the soft tissues, detachment of the 
nasal bones from the frontal process iMth displacement to the right and down- 
ward, a crushing fracture of both infiaorbital ridges downi\aid, a midline frac- 
ture of the aU eolar process extending into the hard palate "u ith separation of the 
ti\o haUes, and a fracture of the mandible through the symphysis with wide 
sepai ation. 




FifT 11 (Ca^sc 3) — il, Bilateral fracture of maxilla, greenstick fracture of light 
half and complete detachment of left half, with sepai atiou m the midUnc . fracture 
of both Infraoibital ridges, dislocation of light malar bone, and compound fracture of 
the mandible at the sjniphysis. 

B, Arch bands uired to upper and lo\\t>r teeth, left half of maxilla immobilized m 
proper position uilh uires extending from hod> of malar bone to left upper teeth, 
fr.'icture p.irts of infraorbital ridge's uued together and light malar bone held in 
position b> >%lrc through frontal bone. Fixation of grocnsticK fractuie of right max- 
nla uas unnecc<!sarj , upper and louei teeth uere maintained In occlusion with oitho- 
donlic rubber bands 

The soft tissue uounds uerc repaired immediately after the patient’s admission 
to tlic hospital, but because of Ins poor condition, no attempt was made to treat 
the lioiiy iniunes. He ran a lou grade temperature for a feu da\s, during uhich 
time suUuthiazole uas adnunistcrcd. As soon as Ins general and local condition 
pemiUtod, arch bands ucre placed around the upper and lower teeth to bring to 
getficr the nndhiio fractures of the maxilla and mandible. The bones were then 
restored to their normal positions and the traeturcs of the infraorbital ridges were 
itnniobihyed b> separate wiring of the fractured ]>arts to the malar bone on both 
Mdcs. To maintain reduction of the left maxilla, a wire was looped through the 
maxillary process of the malar bone and the ends brought down and atlaclied to 
the arch band al»n\it the teeth. The right malar bone was uired to the frontal bone 
at tlie suture line. Although there wa*. slight motion of the right lialf of the 
maxilla, being a grcensiu’k fracture without displucement, wiring fixation was 
unneccss.vry. The teeth of tlie u])per and lower luws were brought into occlusion 
and held \n place with tuldwr bands betwvwn the arch wires. 

The arch bands and wire suppnrtiiig the left Italf ot the maxilla were remo\ed 
Six weeks later. The patient laid no posioponitix e complieatious. and the roent 
genograius showed all the frtiotured pirts m good position. 



538 


SURGERY 



VDVMS. WIIUNG nXATION 01' 1 ACIAL rltACrUKI'S 



539 



538 


SUKGERY 



open reduction and 



THE BRONCHIAL FACTOR IN PUL^MONARY EMBOLISIR 

Joseph H. Jessee, 31. D., and Geza de Takats, 3I.D.. Chicago, III. 

(From Pepariment of Surgery, University of Illinois, College of Medicine) 

TN PRE^HOUS reports from this clinic, the reflex effects of pulmonary 
* embolism on the heart' and on the pulmonary arterial tree" have been 
discussed. In this report ive ai'e presenting data concerning the be- 
havior of the bronchial tree of the dog ivhen pulmonary embolism is 
produced. • 

JIETHOD.S OF E.XPERWEXTATIOX 

Dogs weighing from 10 to 15 kg. were used. To visualize the bron- 
chial tree, from 5 to 6 e.e. of iodochloral were injected with an IS 
gauge needle directly into the trachea. The dogs were in a sti’aight 
lateral position, with the head elevated from six to eight inches. The 
injection was made slowly, taking two and one-half minutes. After the 
injection had been completed, the animal’s head ivas lowered to a hori- 
zontal position. For anesthesia, 0.3 c.e. of dial was injected per kilogram 
weight. The first film was taken five minutes after the injection was 
completed. The x-ray data were; the distance of the tube 29 inches, 
30 3Ia. with 70 to 75 kv. Exposure was 0.1 seconds. These factors were 
kept constant dui'ing tiic entire series. 

The emliolus was produced, as in our previous experiments from this 
laboratory,'- - by injecting a mixture of barium sulfate, iron pei-ehloride 
and normal salt solution, equal parts, into the femoral vein. Through- 
out this series one-half cubic centimeter of this suspension was used. 


RF.SULTS 

Se.n'cs 7 (Fig. lA,. R,. F,).— A bronchogi'am Avas obtained five minutes 
after intratracheal injection. The trachea and the larger bronchi are well 
visualized, including their finer branches. Immediately after the pi-o- 
duction of the embolus, the second exposure was made. The opaque 
material has Jiecn squeezed into the terminal radicals. The upper, mid- 
dle, and lower main bronchi are invisible. The thii-d film was taken 
eight minutes later .showing little change, except more bullous dilata- 
tions of the finer bronchi and patches of emphysema as a re.su}t of in- 
complete bronchial obstruction without infarction." In another experi- 
ment, in which only the upper branches were visualized, the same scat- 
tering of the iodochloral was observed, immediately, three minute.s, and 
ton minutes after the embolism (Fig. 1A-. B,, FA. In a third set the 
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SUIIIIARY 

A simplified method of reduction and fixation of fractures of the 
maxilla and other facial hones has l)een described. For the approach, 
two small incisions are used at the outer or inferior orbital ridge, on 
one or two sides depending upon Avhcther the involvement is unilateral 
or bilateral. The procedure reqiiires a minimum amount of time and 
equipment, a small drill, pair of pliers, .spool of .small .stainless steel 
wire, and a dissecting set. 
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Scries ll (Fi". 2) . — After the visualization of the bronchi, the trachea 
of the animal was clamped, with a six-inch, curved forceps causing 
marked dyspnea and cyanosis. Films were obtained at the lieight of 
respiratory distress, immediately after, and five minutes after release 
of the clamp. 

Three such experiments Were performed; none of them showed any 
change in the pattern of the bronchial tree. Cyanosis and dyspnea can- 
not be responsible for the bronchial spasm seen in the presions series. 



Control film; B, film T\as obtained at the height of respiratorj* distress 
alter the trachea of the dog ^as clamped with a six-inch curved forceps, which caused 
marked dyspnea and cj^anosis ; <7, immediately after tJie release of the clamp , D, fl%*e 
minutes after the release of the clamp. 

Series in (P^ig. 3). — After a control film, showing a good visualiza- 
tion of the upper bronchus, a bilateral vagal section was done in the 
neck and the second film obtained two minutes later. Thei'e seemed to 
i)o a slidit dilatation of the main upper bronchus. The third film was ob- 
tained three minutes alter tJic production of an embolus, shoving no 
change in the caliber of the main bronchus. The last film was taken 
five minutes utter the embolus, indicating no change in tlie bronchial tree. 

Bilateral vagal scelion, performed in four experiments, prevented the 
appearance of a pattern .s’een in the fii'st series and interpreted as 
i)ronelu)spnsm. 


SURGERY 


typical pattern of the hronchial tree is sliowii again, before, three min- 
utes, and ten minutes after embolism (Fig. lA.,, lis, Gj). Twelve experi- 
ments showed an identical patteni. They were accompanied by the 
classical dyspnea and cyanosis of pulmonary emholism. 








if- \n B the i been '.fili.-an bronclrf ii're InvMhlf. C. Tlir thlnl e<rle/i 

.‘he opahh'^ n Whle. the pro.luctlon ef tie- . m .oIi.m ; t|,e 

‘locals. The uPPff; f,pi,t or ten m"}”" , of eniphj-.eeina nr- e)«lbh- In the«- Ihr— 
f films t^ArrSiilt of Incomplete brnnehinl oh.tn.etlon. 

lf‘,t'(vhrcn may ' 
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film, and a second one after atropine, ^/73 gr., tlie embolism is produced. 
This did not affect the caliber of the bronchus, althougb some of the 
material must have ti'ickled out The fourth film was taken five minutes 
after the embolus and three seconds after tlie visualization of the i-ight 
heart was undertaken by a method reported previously.^ A comparison 
with the films shown in our previous report discloses the fact that this 
is a markedly enlarged right heart, a true cor pulmonale, which coexists 
with the absence of bronchial spasm preiented by %5 gr. of atropine. 



„ < — a. Control film shoi\me rerj g ’ ironchial tree B, 

Jjilm taken five mmute-? alter jntrarcnous opine, there 11 no 

change in the pattern of the bronchi C, V after the produc- 
tion of the embolus tilth a maintained hr perhaps a slipht 

scattennfr of the material in the loner lob minutes after the 

emuohis, shonlng ro bronchial spasm E, Film obtained fire minutes after the produc- 
tion of the embolus the pattern is full) maintained although the dog died immedi- 
atel) after this exposure 


h'cn'cs 1'/ — III a SCI les ot seicn docs, pajiai ei inc. !/> gr, iias given 
intraienously to test its piotective action auamst broneliial spasm. Of 
the seven dogs, four obtained a lesiilt from this medication but the pro- 
tection u as never as complete as iiitli atropine InFig.7 a "ood bronchial 
patlcni Mas oblamcd iihich iias folloiicd by a second film five minutes 
after the intinvcnous injection of H er. of papaieniie Immediately 
after the embolus tbe third film iias obtained, Mliich shoivetl definite seat- 
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Soria IV (Pi^. 4). — After a control film showing visualization, 
V-r, gi’. of atropine was injected intravenously and a film obtained five 
minutes later. There was no change in the pattern. Then the emohis 
was produced. The third film -was taken immediatelj" after the injection, 
showing slight scattering in the lower lobe. Two and five minutes later 
the pattern is still well maintained, although the dog died immediately 
after the last exposure. 



. . film ■\\as obtained slioivinf: good Msuallzation of the upper 

Pig 3 — A, A pi tuo minutes after ^aKal section, the upper main hionchus 

bronchus B, Film „ tlie control Him. otherwise the pattern Is tlic same 

plpms to be more relaxed than m production of the embolus slionimr no ch ingt 

obtained three niinutes alter » ^ obtained the minutes 

fn' mfcalVr or pattern^of Oie^nm^^^^ .jj,, maintained 

after the production 

, 1 . twelve e.xpeimicnls hi fH' of atiopmo ineseitcd the 

In a total 0 mslanccs 

bronchial pa ^ j,t,j.opinc in a series of nine dogs, six of 

Seiics P-— ^'nmnkte prolectioii fiom bioiichial .spasm. In Pig. 0, 
them obtained a c j,e(,ond one fiie mimiles aficr (he alropin 

a control fita ‘ jmmcdialely after the embolus was jiio- 

was injected, the i minutes later, at nliich time the animal 

duced, and the last bronchial spasm in these films, 

died. There is no em „£ p„|monnry cinholism and 

further evidence j.,j„ f. ,, pontiol 
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available for study. A clear-cut bronchial spasm was demonstrated after 
embolism in eveiy instance; the bronchial pattern was distorted and the 
opaque substance scattered in all of them. Using this series of twelve 
dogs, in which bronchial spasm was obtained in 100 per cent as a control, 
the protecting or modif 3 dng methods gave the results shomi in Table I. 

"Wliile the series is small, the obtained percentages approximate closely 
the larger series obtained previouslj',’ in which the death of the animal 
was prevented from embolism hy employing vagal section, atropine, or 
papaverine. Possibh* a higher dose of atropine, % gr.. might have re- 
sulted in a higher incidence of protection from spasm. 



Fig Control film B, Film obtained aft^r the intra\enous injection of 

C. Immechateh aftei the production of the embolus v,hich did not 
jinoct the of the bronchus, although some of the opaque material mu*:! ha\e 

tncKied out D. Film obtained fl\e minutes after the production of the embolus and 
three *5econcIs .iftor the Msuallzation of the right heart thi*: last film shows that a 
true cor pulmonale has been pioduccd and yet bronchial spasm has been presented b' 
gr of atropine. 


COMMENT 

The ])roduction of pulmonary embolism followed h.v visualization of 
the bronchial tiee revesils in each instaiiee a disappearance of the visible 
pattern of the mam bronchi. That this is due to bronchial .spn.sni is 
shown by ihc c.xpcrmiciith m nhich this change in pattern was inhibited. 
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tering although the pattern of the major bronchi uas not lost as in the 
films obtained in tlie first series without medication. A film taken five 
minutes later shows a definitely improved pattern as if the papaverine 
had had a delayed action. The action is .slower and, as will he discussed, 
of a different nature than that of atropine. 



__ - j >rhe uppe- mam bionchus is noli Msinli/cil J>. Film nbtalnoil fl'o 

aftor the intla^enous injection of er. of .-itioplne C, This film nas ob- 
minutes after the production of the cmboIu= U, Emiosuic nude three 

tamed nroduction of the embolus, at nhlch time tlie animal died tiicre Is 

™"ev\dence''of Mini spasm in these films 

Scries yiJ relics of nine dogs in vliieh the prpM'nfion of hroii- 

j jgj”pasm was attempted with a medication of atropine, Vt-, gr , and 
® ‘ ygYine yi "!■•, onl.v six obtained good iirotection Tins Ii.is been 
. ■p\a~ S The four films vcie taken heioie, fi\e minutes after 

shovm in .jjfcr ilie piodiietion of tlie emhohis, and four 

the agonal condition. The pietcntion of Inoiieinal spasm 

minutes a ^ 9 afler a contiol film, the di ngs veie injeefed , 

was satisfac 011.^^^^^ inmiediately alter the emhohis, the fliiid one 

the second ‘ ,p, pioleelion fioni siiasm in these films 

five minutes later 

slmmu!'! or ixi'iitnii Ms 

thiec dogs, filfi exposiliis veie iii.idi ; some of tin sc 
In a total of six >- , ,,.,,sons. so that fiftt-tlinc dogs nc le 

bo di*-"'’"' 
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have here anotJier iHstaiice of reflex vagal impulses occurring during 
pulmonary embolism. We Imve discussed in a previous paper Die pos- 
sible sources of such reflexes’ They may original c from Die hyper- 
tension in tlie pulmonary artery/ from the powerful myelinated re- 
ceptors of the bronchial musculature,"' from the congestion of the lung,® 
and from pleural irritation." These reflexes have effects on the heart, 
on the pulmonary vascular bed, and on the bronchi, as shown in this 
report. 



Fig g.^ — il. Control film B, Film obtained fl\e minute'? after mtra^e^ous injection 
of atropine, gr , and papa^e^ne, er C, Film obtained immediateh after the 
production of the embolus shonine- some * ’ * * '! a maintenance of the 

pattern, D, Film obtained four minutes of the embolus with a 

well-mamtained pattern, the pattern 1ms st film 

Haidly any attention has been gi\en to this bronchial factor in the 
past. Singh* leported the pi-esencc of bronchial spasm during air- 
embolism and recomnieiided epinephrine for its relief. Neither atropin 
nor vagal section abolished the spasm in his experiments. Epinephrine 
in our previous e.xpcrimeiits*' - exei'led a deleterious effect on the animal 
sub,]ecte(l to pulmonary embolism It is true that it stimulates the 
synipathctie hroncliodilators and relaxes the hroncJiial tree, but it also 
raises the pressnie in the pulmonary aiteiy and precipitates piilinonnrv 
edema. Its clinical use in pulmonary embolism is inadvisable. 
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,1 Yflsal seot ion or by gr. of atropine. Tiie spasm is 
either by bilaa •• * r- .,„f,xcmia. as mechanical obstruction to the 

not iiwe' to n. . - niarked scattering of th.e opaque substance 

tn.cheniViktoP^«- 

into tV.e , iinx^nees bronehial constriction anti surgical or 

\< vag'"-^ stinuiiatioa^^ vanus abolishes the bronehial spasm, 'ore 

pharntacologie hloc.-v i- 
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have here another instance of reflex vagal impulses oceurring during 
pulmonary embolism. have discussed in a previous paper the pos- 
sible sources of sucli reflexe.s^ They may originate from the hyper- 
tension in the pulmonary artery,"' from the pon'erful myelinated re- 
ceptors of tlic bronchial musculature,’ from the congestion of the lung,® 
and from pleural irritation.' These reflexes have effects on the heart, 
on the pulmonary vascular bed, and on the bronchi, as shonm in this 
report. 



Fjg. 8 — A, Control film B, Film obtained ft\e minute''? after mtraAcnous injection 
ot atropine, Vrs » and papa’s enne, % gr C, Film obtained immediateh after the 
production of the embolus shoningr some scattering but still a maintenance of the 
pattern X>, Film obtained four minutes after the production of the embolus with a 
weU'-maintained pattern, the pattern has improaed m this last film 

Hardlj any attention has been gi\en to this bronchial factor in the 
past. Singh® reported the presence of broneliial spasm during air- 
embolism and recommended epinephi'ine for its relief. Neither atropin 
nor vagal section abolished tlie spasm in his experiments. Epinephrine 
in our previous experuueiit.s'’ - exerted a deleterious effect on the animal 
suiijcctccl to pulmonary embolism. It is true that it stimulates the 
.sympathetic hroiiehodilalors and relaxes the bronchial tree, Init it also 
laises the pressure in the pulmonary artery and precipitates pulmonary 
edema. Its clinical use in pulmonary embolism is inadvisable. 
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f'iiK ! fiiiii in' !i\ ;t nl' I.ic- 

tii’ '■fiiK li, liisf.iitHiii' mill Jti'i t v I I Itolitif ill ji I'f iii|is, aii'l jiiiliiionarv nnlio- 
lisin. 1 licv iisiil an intiiiii.icln .li r.mnnlii ilniini,’ Ilii'ir rNjiciinuiit^ aiul 
(ilifiiiiii'il l:v nioitnijiliir vvliiclj an I'nath' intliii'iici il Ia iisjiii.i- 

liny niini'iin-nl'' We ic/icatMj flu-,c inii’iiis hut f>‘ll llint otir pri‘<- 
< III met Iiiifl oi 111 nnalin','! apliy \ icld* <i a nun a di fin if a ami sinipla sranliio 
I I'ciird. 

J liat papavi’iinc n‘l;i\c\ indiiclua! imisanlaf nia lias Iicui InuAMi e\er 
.silica Pal s initial niisccvatinns «ni tins iImilt.’' In nnr (“Xjicriiiicnts its' 
actions ucic i.|(inci and nnicli It -.s tnaikcd (lian iliat of afrojiin. \cvci 
liicicvs. its- Use is liitrlily iin|ioiljinf Iiccaiisc of its cffci t on coionan- /loi 
and (lie [inliiionai-y vascular lied - Accoidin" to Ijindcr and Kafz” tli 
dni" inliiliits \cntricid.ir liliriilatinn. uliich is ficijiiciilly tlic iriniirdiaf 
cause fif ilcadi fniiii [nilnionaiy (‘inliolisni 



Pip 9 .1, Control aim. B, I-'He minutes after the intmrenous injection of '-j ffr. 

of atroplno imii pr. of iiapa\erine. the embolus nas produced iiiiiiiediatel} before 
Ibis aim nas taken and slio-ns ft marked tcatterinp of the material and, thus, no pro- 
feetlon from .sp-mni C, Filni obtained n\e iiiinutes after tlie prodmtion of the embolus 
In Uliirli there is still a great deal of scattering, although some recoterv of the origi- 
ITsi form of the hroncliial tree Tins gioiip of nims shows that the medication used 
has not been clfectiie in preienting bronchial spasm 


CLIXIC tL tPPLIC VTIOXS 


■\Ve have repeatedly stressed our belief that reflexes originating' at 
tl time of p-nlmonai-y emliolisin contribute to the causes of death and 
sim'^osted simple emergency measures for its control. Outside of 
liate obvionslv lielpfnl for cyanosis and d.vspuea, intra- 

S’inieetions of atropine (%o to gr.) and papaverine _(i4 gr.) 
■vtinuca .1 'pjie appearance of bronchial spasm, concomitant 

were recoin pj^^jjolism, has been seemiiigh- ignored in the past and 
tvitii in the animal experiment, by atropin. 

can 1)C m u ^ pulmonary embolism explains the frequent 

The bronchial as Aims of patients suffering from 

finding of atelectatic stimulus produces not only bronchial 

pulmonary cmhohsm. The la. 
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coHstrietion but also bronchial secretion. The bloody mucous plug in the 
bronchi seen at autopsies of patients dead from pulmonary embolism is 
tlie cause of atelectasis and patchy bi’onchopneumonias. Haight and 
Kansom’^ have recently re-emphasized the prompt recognition and 
treatment of retained bronchial secretions following operations by pos- 
ture, coughing, tracheobronchial suction, and bronchoscopy. They 
stress hypoventilation as the most important factor in the intention of 
bronchial mucus. Cutler'^ for many years has held the embolic theory 
of postoperative lung reactions, feeling that small emboli may pass 
through the lymphatics of the diaphragm and cause pulmonary complica- 
tions. Our present series of exireriments suggest that some of these 
bronchial obstructions may be of reflex nature, either originating from 
pulmonary emboli or possibly from intra-abdominal sources of irritation. 
Thus, it has been sufficiently established that distention of the stomach’^ 
or increased pressure in the biliary system’” produces vagal effects on 
the heard, which can be abolished by atropine. E.xpeiiments are con- 
templated in the future to see whether an effect on the bronchi can be 
produced by intra-abdominal manipulations. 

The use of atropine in the presence of bronchial obstruction and hyper- 
secretion may be objected to by many who feel that this drug increases 
the viscosity of the bronchial mucus and hinders evacuation. In the first 
few minutes and hours following pulmonary embolism, liowever, its ad- 
ministration dilates the bronchi and suppresses secretion. In a total 
of twenty-eight cases of pulmonary embolism observed at St. Luke’s 
hospital, the atropine-papavei'iire mixtrrre was administered in every in- 
stance. The drugs were given immediately after the recognition of the 
embolus and four to five days after, three times a day. No massive or 
patchy atelectasis was seen in this group, indicating that at least this 
medication does not increase bronchial obstruction to a harmful degree. 


SUMMARY 


The bronchial tree of the dog u-as visualized and the effect of pul- 
monary embolism on the i^attern of the bronchial tree was studied. It 
was found that a ]mwcrful bronehoconstrietion was produced during 
embolism, M’hieh could be abolished by bilateral vagal section and often 
by sufficient doses of atropin. IMcchanieal obstruction to the traehea 
failed to produce bronchial spasm. Papaverine failed to protect the 
bronchial tree from this reflex spasm in most instances. These experi- 
ments emphasize the existence of widespread autonomic reflexes which 
occur within the di.stributioii of vagal fibers. The suppression of these 
reflexes decreases the morbidity and mortality from ])ulnionary embolism. 


Our thanks arc tUio t») Miss Lillian Ryan. R.X. of the Xeurocircul 
Mr. Art Hoif'C for their valuable technical assistance. 
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REGIONAL LYMPHATIC METASTASES OF CARCINOJIA OP 
THE GASTROINTESTINAL TRACT*' 


Earle B. Kay, M.D., Akx Arbor, Mich. 

(From the Department of Surgery, University of Michigan) 

T he purpose of this paper is to compare the gross and microscopic 
eharaeteristies of carcinoma of the gastrointestinal tract to the 
incidence of regional lymph node metastases. For a more detailed dis- 
cussion of the anatomy of the i}*mphatics of the gastrointestinal tract 
and the location of the lymphatic metastases incident to carcinoma, the 
reader is referred to the previous communications upon this subjeet.^'^ 
This study is based upon the dissection and examination of all the 
l>Tnph nodes from 152 operative specimens of carcinoma of the gastro- 
intestmal tract, including 53 gastric, 46 colonic, and 53 rectal specimens. 
Tlie Ijnnph nodes were dissected from each specimen after they had been 
visualized (Fig. 1) by clearing by the Gilchrist and David^ modification 
of the Spalteholtz method. All nodes were examined microscopically 
and the results charted upon diagrammatic drawmgs, upon which every 
node was indicated (Figs. 2, 3, 4, and 5). Tlie presence or absence of 
regional Ijnnph node metastases was then correlated with (1) the age of 
the patient, (2) duration of symptoms, (3) gross type of neoplasm, 
(4) size, (5) circumferential extent (of colonic and rectal cases), (6) 
depth of infiltration, (7) microscopic type, and (8) the degree of cellu- 
lar differentiation. 

Regional Ij-mph nodes which may be isolated thus go unnoticed by the 
usual method of dissection. ^lany large nodes were found to be inflam- 
matory and many small impalpable nodes were found to contain 
metastatic carcinoma. Unless a lymph node was definitely replaced by 
carcinoma, it was impossible to determine without microscopic examina- 
tion whether it was involved. These observations demonstrate elearly 
that operative procedures should not be minimized liecause of the ab- 
sence of palpable lymph nodes. 

As a result of this special method of investigation, 75.5 per cent of the 
gastric carcinomas, 60.87 per cent of the colonic carcinomas, and 64.2 
per cent of the rectal carcinomas were found to have regional linnph 
node metastases. There were 30.2 nodes per specimen isolated in the 
gastric series in comparison to 52.07 nodes for the colonic scries, and 67 
nodes per specimen for the rectal group. The greater the number of 
nodes isolated in the individual groups, the higher the incidence of 
lymphatic mcta.stases found. The comparative groups are shown in 
Table 1. 

imJ'for s\\rJory KcSufrch*" Elizabeth Inglis 

deceived for pubHcatlon. Xov. 5 , 1941 . 


353 


I 


si'itci ):y 


'I'lic cjirciiiomns of llic rdlon shniilil Imvc llic )'nv((ial)le i)io^'- 

iiosis <»r tli<‘ entire moiip. 'I’liey no! only Iiail llie lowe.sf ineiJence of 
retrional lynipli node nielaslascs in oiir M-ries, Inif tliey iiho iiad tlie 
lari:( st miinlier of easi's in ^\lliell only one iyinpli node uas involved. 
lOleven of tin' eolonie neoplasms weie found to have only one positive 
node Nshieli was If>eati‘d close to the jn-iniary site in the majority of the 
eases. Tin’s wii.s also true in of the "astrie eases and G of the rectal. 

Not ordy did the "aslrie and rectal sei-ics have a hiirher incidence of 
lyiniduitie metastas(‘s. hiil they also had a hioher ineidenee of microscopic 
infiltration into hlood ve.ssels in the nhseiiee of frross hematogenous 
metastas(‘s. There wa.s an incidence of J.'i i)er eoid mieroscoi)ie infiltra- 
tion of hlood Vessels in both the jraslrie and rectal .series, and only 10 
]0‘r cent in the irroup of eolonie eandnomas. 



T>sntni^nuhs of the cleared operative specimens of tlie stomach, sigmoid 
l^'^’aiid~i^c”unh demonstrating tlie Msiialization of tlic I>mph nodes following clari- 
fication. 


AGn AXD JrETA.STASnS 


mi dew that neoplasms tend to be more malignant in the younger 
' was substantiated by this study. In dividing the eases into 

age gioups above and tliose below 50 jmars of age, the patients in 

tAVO gioups, tiiglier incidence of metastases. Seventy-seven 

the latter carcinomas in patients below 50 years of age had 

per cent 01 le a* 75 per cent of those above; 75 per cent 

metaslasizcdi m cc 

' in the j'ounger age group liad metastasized, in eom- 
of the colonic cases group, and 70 per cent of tlie 

narison to 55.8 per oronp had metastasized in comparison to 

rectal ea«7:”“;;" " 

60.6 per cent n 
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Table I 


LOCATIOX 

XUlIBKK 

OF 

CASES 

AVERAGE XO. 
OF NODES PER 
SPECIilEN 

AV. NO. NODES 
PEll SPECIMEN 
IN CROUP tVlTH 
METASTASES 

AV. SO, NOPrs 
PER SPECIMEN 
IN GROUP 
■\VITHOE'T 
METASTASES 

INCIDENCE OF 
REGIONAL 
LYMPH NODE 
METASTASES 



HHF 

32.8 

22.4 

75,50 




59.4 

41.4 

60.87 




66.2 

67.5 

64.20 


DURATION OF SYJfPTOMS 

There ivas no relation betiveen the duration of symptoms and tlie 
presence of lymph node metastases. It was noted that duration of 
symptoms diminished progressively from the stomach downward. The 
period betiveen the onset of symptoms and tlie time of seeking medical 




Pig. 2. — A, Line dra\\mg demonstrating the zonal distribution of the Ivmphattc 
metastases m the necropsy specimen of a carcinoma of the stomach, B Jme rlrah'me’ 
of a necropsy specimen of a carcinoma of the anal canal, demonstrating the lateral 
zone of metastases < 





aitl was Joimesi in the stomach group. The at craw duration of symp- 
toms v:is i;t months in the trastrie group, 10- months for Die colonic 
gronj), tind N- months for the rectal eroup. The patients witli tlie short- 
est duration of symiitoms do not always have tlie most favoral)Ie pro- 
iiosas. .Many of these carcinomas are fast growing and j)rodueo .symi")- 





nnn 

loins eai’ly. jMnny jialionfs wilh syinjiloins pH'.sonI over a long period 
olU'ii liavo a more favoralile jirognosis. These are eases in wliicli the 
neo])lasni is slow-growing, is of a low degree of malignancy, and 
niefaslasizes lafe. Jfeview of <lic Jiisfories of (lie 53 patients with car- 
cinoma of the stomach revealed 5 wifli symptoms over a year’s duration, 
M'ho were free from lymjihatic inctaslases. Several of these had had 
symjiloms for two and three years, M'hile 6 patients with symptoms 
ranging from one to three months had regional Ijanph node involvement. 
There was an incidence of lymphatie melastases in the colonic group of 
only 40 ])er cent (4 of 10 cases) in patients who had had sjTiiptoms for 




T np drawings of repi Gsentative cases of operative specimens of carcinomas 
Fig. regions of the Jarge intestine demonstrating tJie incidence and 

located h.„,ol,atic metastases (Courtesy of Annals of Sui gery.) 

routes of tneii y 


.. ,«oi-p in contrast to an incidence of 73 per cent metastases 
Q f 11 cases) in patients with sjTnptoms of three months or le&s. 

the rectal series there were 3 patients with symptoms of 
Similarly, ni Ivmijli node metastases. There were 

one month oi -(yithout any sjTnptoms wlio were found to Iiave 

several other pa i .^vere later discovered to liavo metastasized, 

rectal carcinomas av ^ ith sjTnptoms of one j-car’s duration, one of 
There were 4 another of two years, all of whom were free 

one and one-half year, . 
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from Ijonph node metastases. One of these patients had been given np 
as hopeless one and one-half years prior' to admission to this hospital. 
These observations show that operatir'e procedures should not be min- 
imized ])eeause of short duration of sjnnptoms and that patients with 
symptoms over a long period of time should not be denied operation 
because of this fact alone. 

GROSS TYPE AKD METASTASES 

Carcinomas of the gastrointestinal tract rvere classified according to 
their gross characteristics into three groups: (1) Neoplasms charac- 
terized primarily by the presence of ulcei'ation; (2) the poh^poid, 
fungating neoplasms which tend to grow intralumenly ; and (3) the 
sessile, plaquelike neoplasms which are invasive in character. In the 
stomach series, there were 6 neoplasms of the ulcer type, of which 2 
were found microscopically to have arisen upon peptic ulcers, and a third 




Fie. 0. — Line dra>vings of representative cases of operative specimens of carcinomas 
of the rectum demonstrating several of the variations noted in tlieir l^mphat^c metas- 
tascs. 


in association with two nearby peptic ulcers. There were no cases in the 
colonic series within this group, and only three rectal neoplasms of the 
ulcer tjqie. These were all large e.xcavating ulcers. The polypoid 
neoplasms formed the largest group. Tlicro were 25 polypoid neoplasms 
of the stomach, 40 of the colon, and 28 of the rectum. Tlie se.ssile neo- 
pla.sms formed the intermediate group in regard to incidence. Tlierc 
were 22 ses-silc neopla.sms of the stomach, C of the colon, and 21 of the 
rectum. 



sijitcKin 


llie !) ulcur (‘.'iscs foi'ni loo small a f^roiip fi'oni wliioii lo draw conclu- 
sions, Inil it is ol inlei'cst lo know llial 66.6 ])cr cent of Die ulcer tjTie 
in Die sloinach. and 33.6 jier emit of lliose in Die recfuni had regional 
lymph node mot ast uses. 

In Die ]iol.vi)oid group Ihero was an incidence of melastase.s of 60 
per cent in Die stomach, 67.5 jier cent in the colon, and 53.5 per cent 
in the rectum, while in the so.ssile grouj) there Avas an incidence of inetas- 
tasos of 95.4 \)cr cent hi the stomach, 83.3 per cent in the colon, and SQJ 
per cent in the rectum. It is of further interest to note that the in- 
cidence of se.ssile neoplasms in the ga.strie group (Table II) is much 
higher than it is in the other tiro groups, and that the incidence of 
polypoid neoplasms in the colonic group is the highest. As might be 
expected, the incidence of nictastases is greatest in the gastric group 
and least in the colonic. Because of t he above facts, it is mandatory that 
operative resections include all of the regional gland-bearing areas in 
cases of sessile neoplasms. Even though the incidence of metastases is 
less with the polypoid neoplasims, there is no method of determining 
which have or hai'e not metastasized, consequently, they too must be 
observed with suspicion. 


T-Vble II 

IxciDExoE OP Metastases 



STO.AtAClI 

COLON 


RECTUM 

Ulcer 

Pob'poid 

Sessile 

6 (00.0 per cent) 

25 (00.0 per cent) 

22 (95.4 per cent) 

0 ( 0.0 per cent) 

40 (57.5 per cent) 

0 (83.3 per cent) 

3 

28 

21 

(33.3 per cent) 
(53.5 per cent) 
(80.9 per cent) 


SIZE .\XD JIETASTASES 

There ivas no relation between the size of the neoplasm and the pres- 
ence of metastases. It is of interest to note that the small neoplasms 
Avere just as likel.y to metastasize as the larger ones. In order to arrive 
at a more accurate figure eoncei-ning their relative sizes, their areas 
were computed rather than using references to any one diameter. The 
carcinomas of the cecum Avere the largest neoplasms of the entire gastro- 
intestinal tract, averaging 46.56 sq. cm. The next largest were found in 
the stomach, Avhich averaged 42.45 sq. cm. The neoplasms of the right 
‘ than those of the left. The aimrage size of neoplasms 

colon colon ,vos 32.75 oq. cm. in compnmon to 39.5 

tvilli me as . ivithoiitrwltHc the average of the neoplasm.s of the lofi 

sq. cm. m i 22.11 sq. cm. compared to 31.73 sq. cm. in those 

colon ^Lmonstrates that the incidence of metastases may be just 

without. Ihis small neoplasm as in Die large. The com- 

as great, or giCt ’gjj,j|j,jates automatically Die large inoperable car- 
parison, of course, ^ Avere those in Die roetum, AvhieJi aver- 

cinomas. The ‘ jji i],e size of the neoplasms above are no( 

aged 26.2 sq. cm. Difteie 
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the result of any inlierent factor Avithin the neoplasm, hut rather the 
result of the location in A\-hich the neoplasm is found. The neoplasms of 
the cecum AA'ere the largest, because tlie caliber of the cecum is the 
largest, and neoplasms may exist there a long time before producing 
symptoms. 

Analysis of the sixes of indmdual neoplasms sIioaa’s those occurring 
in the fundus of the stomach to be considerably larger than any of the 
others, but AAdien the areas of these Avere aA’eraged AAuth the smaller neo- 
plasms occurring at the pylorus, the aA’erage for the entire gastric group 
was tlien second in size to tho.se of the cecum. It is to be expected that 
neoplasms of the rectum are the smallest because of their clinical be- 
haATor and their accessibility to medical examination. 

Further analysis of the data further rcA'caled that in the gastric 
group 84.7 per cent of the neoplasms larger tlian aA-erage size had 
metastasized, compared to 66.6 per cent of those smaller than average 
size. Furthei’more, 5 of tiie 6 largest neoplasms, and 4 of the 6 smallest 
neoplasms AA-ere found to have metastasized. In the rectal giwp, the 
10 smallest and the 10 largest carcinomas Avere compai’cd, and in each 
group there Avere 6 cases A\-ith and 4 cases AA'ithout metastases. Thus, 
the size of the neoplasm is no indication of metastases. 

CIRCOIFERF.XCE IXVOLA'ED AXD METASTASES 

It is of interest to note the comparison in the amount of circumferen- 
tial spread of the neoplasm in the I’ectum and the colon. Since the 
lymph channels folloAA' the course of the intramural radial blood a’cs- 
sels around the circumfei-ence of the boAvel, carcinomas of the rectum 
and colon tend to be annular. The carcinomas of the rectum Avere di- 
vided into four groups, depending upon the percentage of boAA'el circum- 
ference infiltrated. As aatU be seen from Table III, there Avas an in- 
creasing tendency to metastasize as more boAvel circumference AA'as in- 
voh-ed. 

Tabia; hi 


rERCEXTAOE OF 
CmcV'MFEUEN'CE 

i>’volvi:d 

NUMBER OF 
CASES 

WITH 

METASTASES 

PERCENTAGE 

METASTASES 

0- 25 per cent 

4 

2 

50.0 

25- 50 per cent 

10 

0 

CO.O 

50- 75 per cent 

22 

14 

63.6 

75-101) per rent 

iT 

12 

TOM 


Many of the rectal neoplasms had only infiltrated from onc-foiirtli 
to onc-lialf of the bowel cireumference, and 4 of them had iiiA'olvcd less 
limn one-Vouvtb of the eivcnTOfcvence. 

In contrast, there were none of the eolonic gronji witlj ]e.s.s than 25 
per eciit of the eireumfereiiee involved and the ma.iority of the neoplasni.s 
{S7 out of 46) were completely annular. In only 3 instances Avas less 
than 00 per cent of the lumen inA'olved, and 3 were included in the group 



.SniMlKKV 




1 lie J) ulcer cases lonn loo small a f'j-oiip J'rom wliieli to draw conclu- 
sions, bill il is ol inlercst to know fhal, GC.G per cent of the ulcer type 
in the stoniacli, and Ult.S j)er cent of those in tlie j’ectum had regional 
lyinpli node niclaslascs. 

In the ]H)lyi)oid grou]) there was an incidence of nietastases of 60 
per cent in the stomach, 07.1) jier cent in the colon, and 53.5 per cent 
in the I'cctnm, while in the se.ssilc grouji there was an incidence of meta.s- 
ta.scs of 05.4 jier cent in the stomach, S3.3 jier cent in the colon, and 80.9 
])er cent in the rcetnni. It is of findlier interest to note that the in- 
cidence of se.ssile neoplasms in the gastric group (Table II) is much 
higher than il is in the other two groups, and that the incidence of 
])olypoid neoplasms in the colonic group is the highest. As might he 
e.xpecled, the incidence of meta.stases is greatest in the gastric group 
and least in the colonic. Beeau.se of the above facts, it is mandatory that 
operative resections include all of the regional gland-bearing areas in 
cases of sessile neoplasms. Even though the incidence of metastases is 
less with the polypoid neoplasms, there is no method of determining 
which have or have not metastasized, consequently, they too must bo 
observed with suspicion. 


t.cble II 


l.veiDENCE OP Metastases 



STOiCACH 

COLON 


RECTUM 

Ulcer 

Polypoid 

Sessile 

() (GG.G per cent) 

25 (GO.O per cent) 

22 (95.4 per cent) 

0 ( 0.0 per cent) 

40 (57.5 per cent) 

G (S3.3 per cent) 

O 

o 

28 

21 

(33.3 per cent) 
(53.5 per cent) 
(80.9 per cent) 


. .SIZE .VXD JiriT.VSTASES 

There was no relation between the size of the neoplasm and the pres- 
ence of metastases. It is of interest to note that the small neoplasms 
were just as likel.y to metastasize as the larger ones. In order to arrive 
at a more accurate figure concerning tlieir relative sizes, their areas 
were computed rather than using references to any one diameter. The 
carcinomas of the cecum were the largest neoplasms of the entire gastro- 
intestinal tract, averaging 46.56 sq. cm. The ne.xt largest were found in 
, gtomaeh, which averaged 42.45 sq. cm. The neoplasms of the right 
T were laraer than those of the left. The average size of neoplasms 
1 ^ tn«tnses in the right colon was 32.75 sq. cm. in comparison to 39.5 
with me < -^vithout, while the average of the neoplasms of the lefl 

sq. cm. m 22.11 sq. cm. compared to 31.73 sq. cm. in those 

colon wit 1 me ‘ ‘ ^ j,at the incidence of metastases may be .just 

without, this small neoplasm as in the largo. The com- 

as great, or gi’C* ’gp„^j,ialc.s automalically the large inopcinble ear- 
parison, of course, were those in tJie rectum, whicli avor- 

cinomas. The gg in the size of the neoplasms above are not 

aged 26.2 sq. cm. 
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Table Y 


incidence ok incidence of incidence of incidence of incidence of 


LOCATION" 

GRADE I 
CARCINOMAS 

GRADE n 
CARCINOMAS 

GRADE III 
CARCINOMAS 

GRADE IV 
CARCINOMAS 

OF 

metastases 

Colon 

0 

78.2 

19.5 

2.1 

60.87 

Beetuni 

0 

62.2 

33.9 

l.S 

64,2 

Stomach 

1.8 

20.7 

58.5 

IS.S 

75.5 


colon, rectum, and stomach (Table V). The majoritj' of colonic neo' 
plasms were grade II, or 78.2 per cent, compared to 19.5 per cent grade 
III carcinomas. The incidence of Ijunphatic metastases in the colon was 
60.87 per cent. In the rectal series the incidence of grade II carcinomas 
had decreased to 62.2 per cent and grade III carcinomas had increased to 
33.9 per cent. The incidence of metastases had also increased to 64.2 
per cent. The carcinomas were even more undifferentiated in the gastric 
group, the majority being grade III. The incidence of grade II earcino- 
nias had decreased to 20.7 per cent, the grade III carcinomas had in- 
creased to an incidence of 58.5 per cent, and for the first time there was 
an appreciable number of grade IV carcinomas, an incidence of 18.8 per 
cent. The incidence of metastases in the gastric group had also increased 
to 75.5 per cent. 

jnCROSCOPIC TYPE AND METASTASES 

The majority of the neoplasms were proved histologically to be simple 
adenocarcinomas. This type composed 16 of the 53 gastric cases, 29 
of the 46 colonic cases, and 31 of the 53 rectal cases. The medullary 
adenocarcinomas had the highest incidence of metastases, 100 per cent 
in the gastric group and 80 per cent in the colonic group. There were no 
meduUary adenocarcinomas in this particular series of rectal neoplasms. 
In the gastric group, the scirrhous adenocarcinomas also had an in- 
cidence of metastases of 100 per cent. The carcinomas diagnosed adeno- 
carcinoma raueosum also had a high incidence of metastases, S5.7 per 
cent in the gastric series, 100 per cent in the rectal series, and 75 per 
cent in the colonic series. The two groups having the lowest incidence of 
metastases were the adenocarcinomas (simplc.x) and the papilliferous 
adenocarcinomas. The adenocarcinomas (simplex) had an incidence of 
metastases of 56.23 per cent in the gastric group, 62.07 per cent in the 
colonic group, and 61.2 per cent in the rectal group, while the papillifer- 
ous adenocarcinomas liad an incidence of metastases of 42.85 per cent 
in the gastric scries, 37.5 per cent in the colonic, and 61.5 per cent in 
the rectal series. 

SUMMARY 

An amd.vsis is presented of the incidence of ]ymp],atie spread of 15^> 

carcmomiis of the gastrointestinal tract olilained hv the di.sscction of 
cleared specimens. 
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of 75 to JOG per cent circuinforcntial involvement. Because of the large 
nmnber oC completely annular carcinoma.s in the colon, the relation be- 
tween circumferential involvement and mcta.sta.se.s is not striking. How- 
ever, of the 3 cases with 25 to 50 per cent involvement of the circum- 
fci'cncc, only 1 had mctasta.sizcd. 


DEPTH or INKILTKATIOX .VXD 3reTA.STASE.S 

Gabriel, Dukes, and Bu.ssey^ cla.ssified carcinomas of the rectum into 
Groups A, B, and C. Gi'oup A ineluded carcinomas infiltrating well into 
the wall but not into the perirectal tissues; Group B, those extending 
into the perirectal tissue; and Group C, those having positive lymph 
node nictastases. The patients in 91 per cent of Group A cases and 64 
per cent of Group B eases were alive five years or more following op- 
erative removal, whereas only IS per cent survived five years in Group C. 
There were 30 eases in oni' scries in which the malignancy was confined to 
the rectal wall and of these, 13 (43.3 per cent) had metastasized to the 
regional l.vmiJh nodes; whereas, there were 22 cases with infiltration into 
the perirectal tissues, of wdiich 20 (90.9 per cent) had metastasized. 

The contrast between the malignant character of the carcinomas of 
the rectum and those in the colon and stomach is striking. It was shown 
above that neoplasms of the colon had involved the entire circumference 
of the bowel in (he majority of cases, compared to partial circumferen- 
tial infiltration in the rectal group. It is noted here that the majoritj’’ of 
the rectal neoplasms (30 of 53 cases) had not infiltrated through the 
bowel wall, while 47 of the 53 gastric cases, and 43 of the 46 colonic 
cases had infiltrated completely through their respective walls and in- 
volved the serosa. Tin's is an ev'cr-present source of free peritoneal 
inetastases and may well be responsible for the better prognosis in 
carcinoma of the rectum. In 2 of the 5 gastric neoplasm;;, and 2 of the 
3 colonic neoplasms in which the carcinomatous infiltration w^as con- 
fined to the muscular layer only, metastases were also found. 

degree of cellular differentiation (grading) and metastases 

Our studies (Table IV) substantiated the dictum that the more 
anaplastic the neoplasm, the higher the incidence of lymphatic metas- 

tfises. Table IV 


"nUJIBEK OP CASES NUMBER OF CA.SE.S 


PERCENTAGE 


0 

47 

43 

11 


0.0 

G7.1 

74.1 

01.8 


A DOUBLE TUBE METHOD POE DEAINAGB AND FEEDING 
FOLLOWING GASTRIC RESECTION OR 
GASTROENTEROSTOMY 


"Walter L. Mershelmer, M.D., New York, N. Y. 

(From the Graduate School ISiirgical BivisionJ, Kew Tori; Medical College, Flower- 
Fifth Avenue Sospital; Metropolitan Sospital) 

D URIA^G recent real’s a number of tubes liave been devised and ad- 
vocated for use in the postoperative care of patients undergoing 
gastric resection or gastroentei’ostomy. The simplest of these methods 
is the introduction of a Levin tube into the stomach to wliieh suction 
is applied usually by means of a IVangensteen suction-drainage system. 
Tile advantage of this method is its simplicity and the prevention of 
gastric distension. However, it will not prevent distension of the very 
important afferent intestinal loop, neither is it effective for decompres- 
sion of efferent small intestine, unless it is passed through the anas- 
tomotic stoma. This system has the further disadvantage of not per- 
mitting early nutritious feeding by means of a jejunal tube. 

To offset tile disadvantages of this method Abbott and Rawson' in- 
troduced theii* double lumen tube, the distal 30 cm. of which is a single 
lumen tube. This tube is passed into the stomach prior to operation and 
on completion of the anastomosis tlie terminal 30 cm. is manipulated into 
the efferent small intestine (Pig. 1). This tube permits constant gastric 
suction and early jejunal feeding. Efferent intestinal dz’ainage may be 
obtained througli the lumen used for jejunal feeding. The disadvantage 
of this tube is that there is no provision for suction drainage from the 
afferent intestinal loop. 

Wangensteen' advocates a single lumen tube with forked ends (Fig. 2). 
This tube permits simultaneous drainage of both afferent and efferent 
intestinal loops. It make.s no provision foi' earl\' feeding of the de- 
liilitatcd patient by jejunal tube. Fluids iiitrodueed through this tube 
would be equally distributed to afferent and efferent loops. 

Based upon tlic vVlzbotl-Raw.son and Wangensteen tubes we have 
formulated a method at the Metropolitan JJo.spital, whioh we believe 
combines the advantages of caeh without po.sses,siug the disadvantages 
of cither. Use is made of two .simple Levin tubes, size 12 F (Fig. 3). 
These arc securely fastened logetJier by means of fine black silk at a 
point 45 cm. from the ti]) of lube A and 30 cm. from tip of lube B. At 
a second jzoint lo fiu. pro.ximal they arc again wlii]iped logctJier witJi 
black silk. Additional pei-forations, u.snaiJy about twelve in nnml)er 
are added to tube B equally idaeed from the tip pro.vimally for 45 cm. 
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An iivcraj^e of 30.2 nodc.s j)or .sjiocimcn Wiis i.solated in the gastric, 
52 in tlic colonic, and 67 in llie rectal .serie.s. A considerably larger 
number of ]ym])li nodes ])cr specimen rvas obtained in tlii.s rvay than is 
])os.siblc by the usual metbod of manual di.ssection. 

An incidence of lyinjibatic mela.stascs of 75.5 per cent was found in the 
ga.strie group, 60 ])er cent for the colonic, and 64.2 for the rectal. 

Q’Jie A'iew lliat neoj)]asms in the younger age groups tend to have a 
higher incidence of metastases Ava-s substantiated by this stud}’. 

Tliere was no relation between the duration of symptoms and the 
presence of lymph node meta.stases. A comparison of the incidence of 
lymphatic metastases in carcinoma of the gastrointestinal tract classified 
according to their gross characteristics, showed that the sessile neoplasms 
had a much greater tendency to metastasize than the irolypoid neoplasms. 
In the pohT)oid group there was an incidence of metastases of 60 per 
cent in the stomach, 57.5 per cent in the colon, and S0.9 per cent in the 
rectum, while in the sessile group, there rvas an incidence of metastases 
of 95.4 per cent in the stomach, 83.3 per cent in the colon, and 80.9 per 
cent in the rectum. 

There Avas no relation between the size of the neoplasm and the pres- 
ence of metastases ; the smaller neoplasms had .fust as high an incidence 
of metastases as the larger ones. 

Our studies substantiated the dictum that the more anaplastic the 
neoplasm, the higher the incidence of lymphatic metastases. 

The medullary adenocarcinomas and the adenocarcinoma mueosuni 
had the highest incidence of metastases, while the adenocarcinomas 
(simplex) and the papilliferous adenocarcinomas had the lowest in- 
cidence of metastases. 
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tinal loop, and tube B is passed 30 cm. into tlie afferent loop. No diffi- 
culty is encountered identifying the tubes because of the unequal length 
of their terminal tips. If aseptic anastomosis is to be peifformed a tube 
with a metal bucket may be substituted for tube A for identification. 

On completion of the operation and return of the patient to his room, 
constant suction by means of a 3-bottle Wangensteen is applied to tube B 
for drainage of the afferent intestinal loop, and maintained for at least 
seventy-two hours. To insure patency of the tube and prevent occlu- 
sion of lumina, 10 c.c. of normal saline solution are instilled everj^ hour. 
Suction drainage by this tube prevents distension of the afferent loop 
and guai'ds against closed loop duodenal obstruction that Wangensteen 
has emphasized. By its added perforations it permits gastric drainage 
and prevents distension proximal to tlie anastomosis. Tube A is used 
for jejunal feeding or efferent loop drainage. Immediately upon return 
of the patient from the operating room jejunal feeding is begun in the 
form of a continuous drip I’cgulated so that the patient will receive 1000 
c.c. every eight hours. To this feeding may be added gastric and duo- 
denal contents suctioned off by tube B. Jejunal feeding is continued 
for at least seventy-two hours and the patient is also permitted clear 
fluids by mouth as soon as desired. Additions are rapidly made and when 
the patient can take a well-balanced diet by the oral route, jejunal feed- 
ing is discontinued. Jejunal feeding may be interrupted and suction 
applied to this tube whenever it becomes necessary for intestinal de- 
compression. Before the tube is removed it is clamped for a test period 
and if the patient’s progress is satisfaetoiy it is then withdrawn. 

The advantages of early feeding to the debilitated patient are obvious. 
The patient receives nutrition with a carbohydi-ate, protein, and fat 
distribution that is impossible by the intravenous route; the danger of 
overloading the circulatory s.vstem is avoided, particularly in the old age 
group, which is often done when intravenous fluids are administered; 
additional medications may be introduced with facility through the 
jejunal tube. 

SUJI31.\RY 

A simple double tube method for drainage and feeding following 
gastric resection or gastroenterostomy is presented. This method pro- 
vides for constant and simultaneous gastric and afferent loop drainage. 
Early continuous jejunal feedings may be instituted. Discontinuing 
jejunal feedings provision is made for efferent loop decompression. 
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ids are clear!}' labeled Feeding, on tube A, and Drainage, 
The proxima ei - passed throiigli the nose into the stoniacli 

on tube B. This o usual manner. To facilitate its passage tlic 

prior to operation m until black silk. Before com - 

tip of tube B may passed 45 cm. into the efferent intes- 
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tinal loop, and tube B is passed 30 cm. into tbe afferent loop. No diffi- 
culty is encountered identifying the tubes because of the unequal length 
of their terminal tips. If aseptic anastomosis is to be performed a tube 
with a metal bucket maj^ be substituted for tube A for identification. 

On completion of the operation and return of the patient to his room, 
constant suction by means of a 3-bottle Wangensteen is applied to tube B 
for drainage of the afferent intestinal loop, and maintained for at least 
seventy-two hours. To insure patency of the tube and prevent occlu- 
sion of lumina, 10 e.c. of normal saline solution are instilled every hour. 
Suction drainage by this tube prevents distension of the afferent loop 
and guards against closed loop duodenal obstruction that Wangensteen 
has emphasized. By its added perforations it permits gastric drainage 
and prevents distension pro-ximal to the anastomosis. Tube A is used 
for jejunal feeding or efferent loop drainage. Immediately upon return 
of the patient from the operating room jejunal feedbag is begun in the 
form of a continuous drip regulated so that the patient AviU. receii'e 1000 
c.e. every eight hours. To this feeding may be added gastric and duo- 
denal contents suctioned off by tube B. Jejunal feeding is continued 
for at least seventy-two hours and the patient is also permitted clear 
fluids by mouth as soon as desired. Additions are rapidly made and when 
the patient can take a avell-laalanced diet by the oral route, jejunal feed- 
ing is discontinued. Jejunal feeding may be interrupted and suction 
applied to this tube whenever it becomes necessaiy for intestinal de- 
compression. Before the tulae is removed it is clamped for a test peilod 
and if the patient’s progress is satisfactoiy it is then withdrami. 

The ada'antages of early feeding to the debilitated patient are obvious. 
The patient receive-s nutrition arith a carbohydrate, protein, and fat 
distribution that is impossible by the inti-avenous a-oute; the danger of 
overloading the circulatory sy.stem is avoided, particularly in the old age 
group, which is often done when intravenous fluids are administered; 
additional medications may be introduced avith facility through the 
jejunal tulae. 

SUJDI.VKY 

A simple double tube method for drainage and feeding folloaving 
gastric resection or gastroenterostomy is presented. This naethod pro- 
vides for coiastant and simultaneous gastric and afferent loop drainage. 
Barly continuous jejunal feedings may be instituted. Discontinuing 
.jejunal feedings provision is made for efferent loop decompression. 
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the POTENTTAl. CLOSICD DUODENAL LOOP IN GASTEIC 

BESECTION^ 

David Lynn, JI.D., Dktkoit, Ji[icn., Lylk J. Hay, ]\I.D.,t and 
Owen H. AVangensteen, Jf.D., jriNNEADOLis, AIinn. 

(From Ihc Dcpartmcnl of Surgery, University of Minnesota) 


' I HIE occuiTeiice of obslfuction at tlie efferent outlet after gastro- 
jejunal anastomoses is well knomi. Apart from a few reported in- 
stances of gangrene of the proximal afferent loop following gastrojejunal 
anastomoses, the occurrence of ohstruetion at the afferent inlet appears 
to have escaped the notice of surgeons as well as pathologists. In 1936, 
an instance of rotation of the proximal afferent jejunal loop with 
ensuant gangrene of the duodenojejunal loop, after an extensive resec- 
tion for gastric carcinoma, was observed. The patient, Mr. C. B. 
(University Hospital No. 653763), died sevent 3 ^-two hours after opera- 
tion. The duodenum and afferent jejunal loop were distended and dis- 
colored. The serous surface of the bowel, in places, was torn. An ante- 
mortem blood culiure as well as enltiives taken from the peritoneal 
cavitj’- and the bile in the gall bladder showed hemoljdic streptococci. 

In the intervening j-ears, three additional patients have been seen, 
who came to autops.y presenting evidence of distention of the afferent 
duodenojejunal loop just proximal to the gastrojejunal anastomosis. 
In two of these, a gastric resection emplo.ying a retrocolic, Hofmeister 
plan of re-establishing gastrointestinal eontinuit.y had been done, in 
one instance for an obstructive duodenal ulcer, in the other, for gastric 
carcinoma. In the remaining patient, a iiosterior gastrojejunostomj' 
had been made for a patient with a duodenal ulcer exhibiting high- 


o-rade pyloric obstruction. There was no suggestion of gangrene of the 
afferent duodenojejunal loop in anj" of these three patients, only dis- 
tention of this loop without obvious cause. These three patients ex- 
hibited h 3 'perthermia, tachycardia, and gradual decline of the blood 
pressure, followed by death within eighty hours after operation. The 
nostoperative sequence of events was very much the same in each in- 
+ The first two patients, in which this sequence of events ob- 

"■ d" "ere exceeding^" poor risks and the finding of a patulous affei'cnt 
despite the presence of a dilated proximal jejunal loop, persuaded 
mle , ^ tliat this dilatation was without special significance, 

the pa ' ° ^ ^ third good-risk patient succumbed under similar 

When, ® ’ 1 of the surgical staff were convinced tliat such 

circumstances, mcmocLs 
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dilatation of the pioximal dnodcnojejunal, afferent loop after gastric 
rasection in the Billroth II tyjic of operation ivas an item of real 
significance an the fatal issue. 

The possibility of this occurrence has been mentioned previously, to- 
gether with description of a technical maneuver to prevent its occur- 
rence.''' It is the purpose of this paper to point out that: (1) Dilata- 
tion of the proximal duodenojejunal loop after gastric resection may be 
followed by hyperthermia, vascular collapse, and death without the 
occurrence of gangrene in the loop, (2) Experimental obstruction of 
the duodenojejunal loop m the dog is followed by the same sequence 
of events; and (3) This occurrence in man is probably infrequent but 
is a far more serious complication than obstruction at the efferent 
outlet. Placement of an indwelling duodenal tube within the afferent 
loop at the time of operation obviates this potential hazard. 

CASE HISTORIES OF PATBETS DYING OF H'YPERTHERJILV AND VASCULAR 
COLLxVPSE DUE TO DISTENTION OP THE PROXIJIAL 
DUODENOJE JUN VL LOOP 

Summary of Case Eistones — Mr S .1 S (U H Xo. 09581^), aged 59 jeais, 
in excellent pinsical condition, ivitliout obstruction, and with onh flight weight 
loss, was operated upon for cancel of the stomach Maj Jl, 19i0. A Hofmeister 
letiocolie anastomosis with enteio anastomosis was made after excision of 85 per 
cent of the stomach The opeiation, done undei intratracheal cjclopropane 
anesthesia, was accomplished without incident. The lines of resection were found 
to extend beyond the microscopic boundaries of spiead of malignancy. The 
patient’s condition on return to the ward was good, the puNe being SO and the 
systolic pressure 140 ram. Hg, tlie rectal temperatuie losc gradually to 106° F. 
and the pulse to 144 per minute (Fig 1). The blood pressure declined and was 
difficult to sustain despite transfusion of adequate amounts of blood and plasma. 
Death occurred forty eight hours after operation. 

During the first twenty four hour period following operation, the oral intake 
was 250 cc During the same time 600 c c. of a deeply bile stained fluid weie 
.ispiiatcd from the stomach During the next twenty four hour period, SOO cc of 
fluid were ingested and 1,250 c c of a faintly bile stained fluid was aspirated from 
the inlying gastric tube 

Pcrmn-sion for post mortem examination was denied but examination of the 
peritoneal canty through the abdominal inci-ion immediately after death was 
allowed The proximal jejunal loop was distended but appeared to haio good color. 
It seemed to hiiic boi omc slmrplj angulatcd at the site of the gasfroj'ejunal anasto- 
mosis Both gastrojcjunal stomas, as well as the ontcro anastomosis, were patulous. 

The other two patients, Mr. M. P. (U. II No 6SU11), aged .53 years, and Mrs. 

R D fU H Xo (is 1205), aged 57 years, had been obscried in this dime at earlier 

dates Both patients had been ill oxer many years with tuberculosis and duodenal 

iih'er Both patients had been hospiialircd in tuberculosis sanatoriums oicr lon'r 
periods One, Mr M I’., had an aclne lesion at the time of hospitaliraition for 
duodenal ulcer Howeicr, both patients were essentially afebrile prior to operation. 
Both patients, m addition, had high gride duialenal obsfrmtion and alkalosis from 
persistent \omitmg. In etch iiislaiue, the nbstrmtion rein lined rofracton to 
treatment on the medical seriico and the patients were transferred to the sur'meal 
soriiie for operation Both pitients were operated upon without meeting adequately, 
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l)rco{)er!itivcly, tlio csiloric and jiitrogcn rcqnironicnts of doliilitatcd patients. In 
tho instance of one, ^Ir. P., a posterior gastrojejunostomy was done; in the 
other, a Pinstoror o.\elusion type of ga.stric resection was done with a Ilofniei.'-tcr 
rofrocolic, anastomosis. Both operations were done without special incident and in 
cacli instance tlie iinmodiatc recovery period was quite ordinarj-. Botli patients 
liad indwelling gastric, duodenal tubes to which suction was applied. 

^yitor thirty-si.v hours, Mr. M. P. exhibited quickening of the pulse and eleva- 
tion of temporaturo to 100° F. There was also auricular fibrillation and a drop 
in the blood pressure to .shock level. The patient was bronchoscoped, it being 
believed that atelectasis was responsible for the unusual reaction. Death occurred 
seventy-nine hours after operation. Autop.sy disclosed dilatation of the proximal 
duodenojejunal loop but there was no evidence of loss of viability. The gastro- 
jejunal stomas were competent and patulous. There was no evidence of peritonitis. 
The lungs revealed an extensive active tuberculosis and also purulent bronchitis. 
Tho brain appeared normal, grossly; microscopic examination failed to disclose any 
signific.ant finding. Apart from tuberculosis of the lungs, the only other im- 
portant histologic finding was tho observation of are.as of liver necrosis. It was 
believed that the poor physical condition of the patient contributed largely to 
the fatal issue. 



The other patient, Mrs. R. D-, e.xliibited a .satisfactory convalescence for the 
first twentv-four hours, a pulse of 80 and a blood pressure of 130/SO liaving been 
■ d witli normal respiration. Following a chill, the temperature rose to 
and the pulse accelerated to 120 beats per minute with a fall in blood 
\o 88/70 The patient remained in shock despite efforts to combat it. 
pressure t]]e base of the right lung. Bronchoscopy was clone without 

There "We r^^^^ iJeepened and traclicotomy was performed without improveiiiont. 
effect. ^^rty-nine hours after operation witli liyporpy-rexia, vascular col- 

Tlie patient i dyspnea. Autopsy disclosed extensive tuberculosis and bron- 
lapse, and mar 'C There was considerable edema of tho right lung. Tlicre 

cbieetasis of the e tPo ijiie duct into the duodenum. Tiio liver was 

yas an anomalous ms jejunal loop was distended, mc.asuring C cm. in 

somewhat fatty, -t ' ppe-stained fluid. Tho loop appeared viable 

diameter. B muscle was thin and somewhat fragmented. There 

grossly. Miwoscopical t,,;, jeft jung 

^ere miliary abscesses tuberculosis. 


exhibited fflrosis 
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EXPERIMEXT.YL REPRODTJCTIOX* OF VASCULAR COLLAPSE AXD HYPERTHERMIA 
SYXOROME IX DOGS ATTEXDIXG ESTABLISHMEXT OP 
A CLOSED DUODENAL LOOP 

Method . — In thirteen dogs the following procedure was carried out. 
Under ether anesthesia and ordinary aseptic precautions, the duodenal 
ioop was implanted subcutaneously in the manner of a Biehl shin- 
covered intestinal loop. Great care ivas ohseiwed not to injure the blood 
supply of the mobilized duodenal loop. Approximately ten days later, 
the duodenal loop was isolated by severing and inverting both ends. 
The experiment at this juncture being in the nature of an acute surrival 
procedure, the continuity of the intestinal canal was not re-established. 

The pressure in the loop was followed at intervals by introducing an 
18 gauge needle through the skin directly into the snhcutaneously im- 
planted duodenal loop. The rectal temperature of the dog ivas recorded 
everj* four hours and he was allowed to wake up. In two animals, a 
No. 20 French urethral catheter was introduced into the distal end of 
the closed duodenal loop; in three dogs, a short closed duodenal loop, 
10 to 1.5 cm. in length, was isolated, the hile and pancreatic ducts drain- 
ing into the closed segment. 

Results . — The results are summarized in Table I. It is to be noted 
that the survival time was considerably shorter than in the three patients 
noted above in whom only distention of the proximal duodenojejunal 
loop without obvious cause for the obstruction was noted. Fourteen 
of the animals showed an average maximum elevation of temperature 
of 105,2° F. In only one instance could tlie liypertlieimia be explained 
on the basis of hronehopneumonia (Dog No. 17). In all instances save 
two (Dogs No. 9 and No. 17), the observed pressure in the closed duo- 
denal loop exceeded that predicated by C. A. 7)ragstodt, Lang, and 
llillet (1929) to he necessary to arrest venous return from the duo- 
denum. Tiie average time intervening between observation of the 
critical duodenal intraluminal pressure noted by Dragstedt and his 
iissoeistes (see Fig. 3) and death of the animal was approximately 
fifteen hour.s. 

The protein content of the peritoneal fluid was determined in a 
number of instances. It wa.s invariably high. Values ranging Dunj 
4 to 0 Gm. per cent were usual, indicating that markedly inerea.sed 
capillary permeability was prc.sont. However, wo were rathei- surimsed 
to note that when n catheter was attached to a small fenestrated gla.ss 
tube and placed in the peritoneal cavities in iinohstruefod dogs and 
eats, a peritonea! fluid with a high protein content w,xs obtained, also. 
Usnal values in these instances were concentrations of protein in the 
peritoneal fluid of 2.5 to 5 Gm. per cent. 

DlRCUS-SION 

That closed duodenal loojis develop liigli intraluminal pressmvs is 
well known. Horton and Sullivan (1930) Isohatcd closed inte.stinal 



Effects of Closed Duodenal Loops in the Don 
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loops 10 cm. in length in the ileum and duodenum, into which the biliarj'^ 
and pancreatic secretions did not drain. They noted that the intia- 
luminal pressure and the amount of secretion in the closed duodenal 
loops far exceeded that of the closed ileal segments. That dogs with closed 
duodenal loops into which the biliary and pancreatic secretions drain, 
die with sjTuptoms of vascular collapse and h3’perthermia in just the 
same manner as inaj' attend obstruction of the proximal afferent, duo- 
denojejunal loop after the Billroth II tjire of operation in man, is 
significant. Inasmuch as the obstruction is complete in the dogs, it is 
understandable that the suiwival time is shorter than in the fatal in- 
stances observed after operation upon man. Harms (1927) observed, in 
eannulating the common bile duct and the main pancreatic duet in the 
dog, that secretion continued until pressures of 376 to 460 mm. of pan- 
creatic juice and 309 mm. of bile were reached. Herring and Simpson 
(1906) observed secretory biliary pressures of 300 to 350 mm. of rvater. 
In short closed duodenal loops from which both biliary aird pair- 
creatic secretions wer'e excluded, Slorton and Sullivan observed secretory 
pressures of 300 to 370 tmrr. of water regularly. In one instairce, the 
secretory pressure mounted to 520 mm. of water. 



Apnrl fi’om the greater sccj-etory pressures presort in the duodenum, 
there i.s another item which makes this segment of the girt more .sirs- 
ee|>til>le to injury through the agone.v of increased intraluminal pres- 
s\ire tlian segments of ileum or colon. 'C. A. Di-agstedt, Lang, and 
5IiUel (1929 1 have indicated that tire manner of penetration of the 
eireulav muscle coat of the howel by tbc mesenteric vessels differ-s con- 
siderably in various segments of the howel. OeJisner and Stoivk (1037) 
have shown in a graphic manner, how a relatively small intralruuinal 
pressure will ohliterate tlie venous outtlow from the duodenum, whereas 
fa)- grei)ter pi'essiires are neee.ssary to retard venous outtlow from the 
colon (I’ig. 3). 
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Jlow oltsinietiaii oY l5e aflcrcnt cluoclenojejtiiial loop comes about in 
innu iiffer gastric resection is not easy of appraisal. Elsewhere/’'' it 
lias been pointed out that obstruction at tlie efferent outlet in man after 
gaslrojejiinal anastomosis, comes about largely tliroiigli the agency of 
oAci inversion of tissue by the surgeon. In the experience of this clinic, 
this is ])robably f/ie sole cause of obstruction at the efferent outlet. It 
is very unlikely that such items as whether the proximal loop is iso- or 
antiperistaltic in direction with reference to its attachment to the 


stomach, whetlier if is .short oi’ long, ^cliat direction the inei.sion in the 
gastric wall takes for the anastomosis — these factors ai’e probably all 



Fig. 3.— Vsnous obliteration att* *• pressure at various levels in 

the bon^el, Ou'/ng’ to the ininie^iat muscular coat by the vessels. 

at the inesentenc border (5 and 7 ?mall increases of intialuminni 

pressure will cause venous obliteration as contrasted with the colon, where the entrj’ 
of the vessels is at 1 and 11 o'clock, in the ileum, tlie vessels enter at 3 and 9 
o'clock. (Redrawn from Ochsner and Storclc.) 


inconsequential as far as tlie development of obstruction at the efferent 
oixtlet is concerned. The only tiling that matters, apart from 
the gastric stoma belotv tlie transverse mesocolon as Polya has empha- 
sized in retrocolie anastomosis, is that the surgeon approximate a 
mimmal amount of tlie adjacent walls of the stomach and jejunum in 
making the anastoinosi.s. The experience of this clinic suggests that 
.5 to .75 em. of the adjacent gastric and jejunal walls suffice to establish 
a satisfactory anastomosis (Pig- 4). 

The most likely cause of obstruction, at tlie afferent outlet, on the 
contrarj^ is sharp angulation or kinking of the loop. And, uiifortu- 
natety, as the recital of the cases mentioned in this report indicate.s, 


incomplete occlusion may bring about a fatal issue. 

It is for this reason that we have come, in this clinic, to employ an 
indwelling duodenal tube extending into the proximal afferent inJot 
loon as a matter of routine in gastrojejunal anastomoses. In all prob- 
nhilitv this complication of angulation at tlie afferent mict docs not 
! often yet, when it does occur, it is usually fatal. Mamfaminfr 
(Voveiit channel widely patulous by the placement, a( operation, 
the an indwelling duodenal tube into this limb of tlic gast ro- 
of a fork 0 assures continuity of this important eJiamiel. 

jejunal anastomosis a 
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Pollomng observation of the instance of frank gangrene of the 
proximal duodenojejunal loop after gastric resection for carcinoma of 
the stomach in tliis clinic in 1936, it hceamc routine practice for several 
years thereafter, to add an entero-anastomosis regularly in all resections 
for gastric malignancy. It is to be noted that, in the fatal issue reported 



4 — Mcclianisni of obstruction at the efferent outlet after eastrojcjunal ana’sto- 
nioscs A, ln\ei‘5lon of too much ti*ts5ue creates a flap. \\Y . . • — . 

outle^t obstruction at the afferent inlet through such an 
- ~ . t I ’ tomi after incorrect and correc • ‘ 

■ stomal slit and obstnicimg flap 

I .latulous stoma<i at inlet and outlet (correct), after inxersion 

* ' ent gastric and jejunal >%aHs m the anastomo^^l*? (Mf^dico- 

- nrold Brunn, San Francl’^co, Unuersltv of California Press. 

) 


Iiero in llie good-risk palioiit in which liyperthcrmia developed, an cntcro- 
anastoimxsi.s had been made and bile was obtained by suelion from the 
inlying gastric tube, and yet distention of the proximal duodenojejunal 
loop oceurrod followed by death of the patient. 

During recent years, all resections of tlic alimentary canal in this 
clinic, including gastric re.scctions. have l>ecn made by the closed metliod. 
It is obviously a frank break in the aseptic technique to pull a straight 
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01 O’ catlielor out Jrom llic residual 'rastrie pouch through the 
gasiroiejunal stoma in order to place the catheter or both limbs of a 
torked catheter into the afferent and efferent jejunal loops. Nevertlie- 
ess, tic cxpeiicnce o( lliis clinic, Avilli n'lar^rQ niimber of gastric resec- 
tioirs foi both uleei and malignancy, suggests that this is an important 
expedient in obviating a potentially serious complication (Fig. 5 ). 



The safety of an operation depends upon leaving little to chance. 
Obstnietion at the afferent inlet probably does not happen often and 
the causes u’hieh may provoke it are not entirely clear. On completion 
f the retroeolic antiperistaltic short-loop, Uofmeister gastrojejunal 
. Qgjg it is not uncommon to .see the afferent loop assume a rather 
° Uion even vith the transverse mesocolon anchored carefully 
bizarie po above the .stoma. It affords the surgeon much 

to the s catheter in that loop will keep the diiodeno- 

comfort to ' during the early postoperative period. 

jejunogastric c i< 
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SDMMABT 

A sjTidronve of hyperthermia, vascular collapse, and death is described 
attending distention and partial obstruction unthont gangrene of the 
proximal duodenojejunal loop after gastric resection. Three cases are 
cited in which it is believed that distention of the proximal duodeno- 
jejunal loop was directly responsible for the fatal outcome. 

When a complete closed loop obstruction is established in the duo- 
denum of the dog, high secretory pressures ensue. Necrosis of the bowel 
is a regular accompaniment and perforation and gangrene are observed 
not uncommonly. The suiwival time is far shorter than that noted in 
man with distention occasioned by incomplete obstruction of the afferent 
duodenojejunal loop. Hyperthermia and vascular collapse attend, 
also, the closed loop duodenal obstruction of the dog. Death, in both 
man and dog, is owing, no doubt, to increased capillary permeability 
consequent upon a damaged bowel wall. Bacteria may migrate through 
the bowel wall to the peritoneal eavitj' or reach the liver via the duodenal 
veins. 

The mechanism of obstruction at the afferent inlet after gastrojejunal 
anastomoses is not entirely clear. However, an effeetii'e means of pre- 
venting this unusual hut serious potential postoperative complication 
is described, 
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THE TJH'JAa'iMJiJAH’ OF ACUTE AFPEWlClTfS IN CJfILDREN AS 
INFLUENCED BY CHEMOTHERAPY 


CAiih A. AVattknhkrg, M.D., axd Pkter Heixbkckek, M.D. 

St. Louis, Mo. 

(Fiom the Deparimcnl of Surgery, Washington University School of Medicine, and 
St. Louis Children’s Hospital) 


IKTRODUCTIOX 


OINCE the publication by Doinaglc,^ 1935, dealing with the effects of 
^ prontosil on streptoeoeeus infections in mice, treatment of such in- 
fections in man bj’^ chemotherapy or sulfonamide drugs has progressed 
rapidly. While in general a maximum therapeutic effect on some par- 
ticular organism has been associated witli a iiartieular compound, evi- 
dence has accumulated to prove that the effective coverage of most of 
the compounds is wide enough to include a number of organisms. This 
is particularly true foi' those organisms associated ivith peritonitis sec- 
ondary to appendicitis; namel.y, streptococcus, Bacillus colt, B. tvelclm, 
and certain other anaerolies. Infections in animals due to all these or- 
ganisms have been shown to be influenced favorablj^ hy sulfanilamide, 
sulfapyridine, and sulfathiazole. These three drugs have been utilized 
as an aid to surgery in the treatment of appendicitis and its complica- 
tions at the St. Louis Childi-en’s Hospital during the past four years. 
This paper is presented to show the results of such treatment. A com- 
parison of the results in this period is made with those of a previous 
period of fifteen years’ duration. 

Others also, including Ravdin, Rhoads, and Lockwood,” 1940, Long 
and Dees,’’’ 1941, and Thompson, Brabson, and Walker,'* 1941, have re- 
ported improved results in the treatment of peritonitis associated with 
appendicitis through the use of the sulfonamide drugs. 


GENERAL CONSIDERATIONS IN CHE5I OTHER APV 

Most observers believe that the action of tlie sulfonamide compounds 
• one of growth inhibition or baetcriostasis. The newer drugs are 
1 le of holding the invading organisms in check until antibodies are 
T^Mooed snffveieiW to bring about bacteriolysis. A lag period of four 

I been shown to exist before the maximum effectiveness 

to six hours mis 
r H o druo-s becomes maniiest. 

ottiieui c iQ administer the drugs prior to opcralion m all 

It is our ] ‘ where peritonitis is diagnosed or even su-speefod. 
of appcii P,at it is in the invasive stage, not in the 


cases 


Experience m stage, that ehcmolherapy is most effective. 

or ^ .1 _i. Incc m nTtf>i’!}fh‘>fr , 


TJlis 


is the basis for "formerlv, provided an effective drug is used 


belief that there is less danger in operating on pa- 


tients 


neceivcC 


for 


publication. 


Sopt. IS. 
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before, during, and for a limited period after the operation. There is no 
longer the great danger of a disastrous spread of the infection bj' opera- 
tive procedures. It must be emphasized that chemotherapy in itself 
cannot be maximally effective n-here there is a continuing addition of 
infectious organisms or nhen pus is present in walled-off absee.sses. 
Long-continued use of the drugs with delay in surgical drainage of 
abscesses is not only useless but actually may be harmful. In acute 
infections the drags must be administered in sufficient amounts to bring 
quickly the concentration in the blood up to levels which have been found 
effective. The choice of drug dosage and administration intervals used 
by us is the result of extensive research by Hartmann and his associates,® 
1940, on chemotherapy. 

dosage 

The blood levels found effective for sulfanilamide range from 8 to 14 
mg. per cent, for .sulfapyridine and sulfathiazole, 6 to 12 mg. per cent. 
To reach such levels quickly, 1.0 per cent sulfanilamide in normal saline 
solution, or a 5 per cent solution of the sodium salts of .sulfapyridine or 
sulfathiazole, is given intravenously. .Sulfanilamide, sulfapyi-idine, and 
.sulfathiazole are administered on the basis of 0.2 Gm. per kilogram body 
weight in six divided doses. .Sulfanilamide can be administered sub- 
cutaneously on the basis of 0.1 Gm. per kilogram body weight given 
twice a day in tbe form of an 0.8 per cent solution. IMien sodium 
sulfapyridine is given intravenously the dosage is 1 c.c. of the 5 per cent 
solution per kilogram body weight repeated everj' eight hours ; for sodium 
sulfathiazole 2 c.c. of 5 per cent solution per kilogi’am body weight every 
six hours, as it is e.xcrcled much more rapidly. Occasionally 2 to 5 Gm. 
of sterilized powdered sulfanilamide have been placed locally in an 
abscess cavif.v or in the area from which an adlierent gangrenous ap- 
pendix has been removed, or in the muscle layer during closure in an 
infected or potentially infected appendix. 

COMt’IAC \TIOXS 

Complications from the use of the drugs in children aie not severe or 
frequent. Nausea and vomiting develop in some patients. Usually dur- 
ing the period when the concentration of the drug must be maintained 
at a high level, gastric suction is also used, nliicli tends to eliminate 
vomiting. In a few patients the dosage may ha\c to be decieased to sto]) 
\omiting In our .series of cases no sc\ere Icucopenia or anemia lias 
resulted. The piesenco of a leucopenia from a severe infection jirior to 
ticatment has not been a contraindication to the use of drugs. Renal 
bleeding occasionally is met with and usually is relieved by changing to 
another drag or lessening tlie amount of the drug being administered. 
In st'verely toxic patients, .iaundiee has followed the use of tlio drugs 
in a few cases. Cyanosis dm* to elevated met hemoglobin concmitration is 
often encounteicd. This can he counteracted by the intiavcnous ad- 
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ininistralion of jnethylene blue, using 1 to 2 mg. per kilogram body 
weight, or by the giving of 1 to 2 gr. every four hours as needed by 
oral route. It is deemed especially advisable to give meth 3 dene blue 
loieoperativelj'' at least one hour before an anesthetic. To help in the 
recognition of toxic effects of the drugs, dailj’’ blood studies, urinalysis, 
and methemoglobin determinations are done. 


EFFECTS OF CHEMOTHEK.lPy 

The beneficial effects attributable to chemotherapy in the treatment of 
the complications of appendicitis in children are: (1) a rapid lessening 
of the toxicitj’-, (2) a rapid regression of tlie peritonitis, (3) a reduction 
in the number of cases requiring drainage, and (4) a shortening of the 
period of illness. The added effect has been practically to eliminate 
death as a sequel to peritonitis associated with appendicitis. Even 
though it is aclomwledged that chemotherapj'' has improved greatly the 
prognosis in appendicitis, properly instituted surgery still plaj^s the most 
essential role. Tire earliest possible removal of the source of continuing 
eoirtamination of the peritoneal eavity is imperative. Chemotherapj^ 
alone cannot and should not be relied upon to cure infection of the 
peritoneal cavitj" from a gangrenous or ruptured appendix. 


PREOPERATirrE CONSIDERATIONS 

It is ivell recognized that before any operation is performed tlie fluid, 
eleetroljdic and nutritional deficiencies or derangements of the patient 
must be corrected. Protracted nausea and vomiting may be assumed to 
indicate a food and electrolytic deficiency. Prom blood studies, the 
hematocrit reading, blood chloride and plasma protein determinations, a 
more precise laiowledge of these deficiencies can be procured. 

The steps necessary to correct a loss of fluid and electrolytes are Avell 
Imovm. In children the dosage of Ringer’s solution is usually 50 to 60 
e.c. per kilogram body Aveight, giAmn subcutaneously; 20 to 30 c.c. of 10 
per cent dextrose per kilogram body AA'eight can be given intraA'cnously 
to overcome food deficiency. It can be added to Ringer’s solution Avhen 
given intravenously or separately. Protein deficiency can be corrected 
by the administration of plasma, 30 c.c. per kilogram body Aveight. If 
lasma is not available casein digest in the form of a 5 per cent amino 
^ 'd mixture Avith 10 per cent dextrose may be substiluted (Elman,*' 
lOAOl A child requires 2.5 Gm. of protein per kilogi-am body weight 
Tier day the mixture given intraA-enously. 

^ u vn to six bom's are required to prepare the patient for opei'a- 
f case is severelv to.xic eight to twenty-four hours may be 

necessarjE oPERA’nox 

giailv in toxic cases, the anesthetic must he 
During the operat'en, employed. The pnliciit i.s kej.l 

eammislored coieM'S'- 
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as light as possible and cyanosis is avoided. In severely toxic cases an 
attempt is often made to open the abdomen under local anesthesia. 
Ether then is administered to permit adequate exposure to complete the 
operation quicklj'. The appendix should alivays be removed. Drainage 
is used only if abscess formation has injured the peritoneum locally. It 
is not used if the peritoneum is involved to the same degree diffusely. 
Chemotherapy makes the use of drains less frequently necessary. This, 
in turn, results in feiver instances of postoperative obstruction due to 
adhesions. 

The operation usually is done through a low I'ight rectus incision with 
retraction of the muscle in clean eases or splitting of the muscle in con- 
taminated cases. The McBurney incision seldom is used unless a defi- 
nitely localized abscess is present. 

POSTOPER.rTira CARE 

Postoperative chemotherapy is eontinued at a high level until the tem- 
perature subsides. This happens much sooner under such treatment 
than in those cases not treated with chemotherapy. Intravenous fluids, 
electrolytes, and nutritive substances are favored immediately after 
operation rather than the early administration of food by mouth. After 
the temperature subsides the drug is continued at one-half the previous 
dosage for three to five days. In all other respects the practices followed 
are those in general use. 


ILLUSTR.ITIVE CASE.S 

Case 1. — An acutely ill l>oy, yeaTS old, was admitted to tlie St. Louis Chil- 
dren’s Hospital, Aug. 13, 1910. There was a history of abdominal pain, nausea, 
and vomiting of tiro d.ays' duration. An enema had been given but no cathartic. 
Temperature at the time of admission was 38.1° rectally; respirations, 28; and 
pulse, 100. The skin was hot and dry, nasopharynx and chest findings were negative. 
.Vbdominal examination showed the child’s legs drawn up as if in pain, with 
marked rigidity and localized tenderness below and to the right of the umbilicus. 
Definite rebound tenderness was present. Rectal examination was negative; urine, 
negative; W.B.C., 25,000. 

A diagnosis of acute appendicitis with probable peritonitis was made. The 
patient was given 30 c.c. of 5 per cent sodium sulfathinzole intravenously (1.3 
Gm. ), as Moll ns 200 o.c. of 10 per cent glucose intraienously, and 200 c.c. Ringer’s 
solution Mibciitaneoiisly. Tour hours later the child was operated upon under drop 
ether iine.sthesiii. The appendix was gangrenous in it.s distal third. Within the 
iibdomiiml ca\ ity a creamy exudate was encountered, which on culture revealed 
I!, roll. The appendix Mas removed and the abdomen closed vitliout drainage. 
I’ostoperatn cly, sulfnthiazolo and fluids were continued. On the tliird po.st- 
operatiie day the temperature was normal and the patient was on a soft diet. 
The wound healed by primaiy intention and the patient was discharged on the 
ninth postoperative day. 

Case 2,— .V four year ohl colored girl was admitted .\pril 20, 1910. There was 
a lii-tnry of pain in the iibdomeii, iiaiise.n, and vomiting of four days' duration. 
Tlic child had been gi^cii ca-tor ml. Prior to eiiliy llm pain and vomiting became 
the child liccame distended and drow.sy. Temperature on admission. 3S° 
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C.; respirutions, 3^.; pulso, 12G. Examination revoaletl a markedly toxic patient 
1 a drj skin, llio 2>liarvnx and cliest findings Trere negative. The abdomen 
was distended markedly, dullne.ss was present in the flanks, no sounds could be 
heard on auscultation, and some generalized tenderness was present. The white 
blood coll count was 5,200; urine, ncgatixm. 

A diagnosis of acute appendicitis w’ith peritonitis was made. "Wangensteen 
suction W'as instituted; intravenous and subcutaneous fluids were given. One 
gram of 1 per cent sulfanilamide in Binger’s solution was administered sub- 
cutaneously every four hours, or A Gm. per kilogram body weight per twentj'-four 
hours. Twenty-four hours later operation was performed under drop ether anes- 
thesia. "When the peritoneum was opened there was a gush of foul-smelling pus 
and loops of ileum were found covered with a thick flbrinous purulent exudate. 
The appendix was l.ving free and had amputated itself at the base. The ap- 
pendical stump was open. This stump was closed, drains were placed, and the 
abdomen was closed. 

f^asal suction was instituted postoperatively. The child was given intravenous 
fluids, glucose, methylene blue, blood transfusions, vitamins and 1 per cent sul- 
fanilamide subcutaneously. The sulfanilamide concentration the da 3 ’’ following 
the operation was 24.6 mg. per cent. At this time the child was more alert and 
the temperature curve was starting downward. The nasal tube w-as removed on 
the third postoperative daj-, and the patient began taking broth and tea. On the 
sixth postoperative daj- the child was on a soft diet and was discharged as well, 
May 16, 1940. 


Case 3. — A white girl, 8 years old, was admitted Dee. 4, 1940, with a history of 
cramping abdominal pains, fever, chillj- sensation, waterj- diarrhea and persistent 
vomiting of four daj-s’ duration. On entry to the hospital the child was restless 
and lethargic. She was markedlj- deln-drated and toxic. Temperature on ad- 
mission, 38.8° C.; respirations, 42; pulse, 120. The color of the patient was dusk}’. 
The phar 3 'n.x and lungs were clear. The right abdomen was diffusel}’ tender and 
rigid; W.B.C., 22,000; urine, negative; and vaginal smear showed no pneumococci. 
Blood culture show’ed no growth. 

The child was given fluids intravenously. Five per cent sodium sulfapyridinc 
was administered intravenousl}’ ever}' eight hours. After sixteen hours of obser- 
vation and therapj’ the condition did not improve, even though the blood sulfa- 
P3'ridine determination was 11.3 mg. per cent. 

A clinical diagnosis of peritonitis, the t 3 pe undetermined, was made. Since 
the source might be a perforated appendix, an e.xplorator}’ laparotom}’ was ad- 
vised This was done under local anesthesia, the child being ver}’ toxic and 
difficult to arouse. "When the abdomen was opened, considerable congestion and 
edema of the appendix and intestines were found. Much fibrin and thick pus 
sent A smear made immediate!}' showed diplococci. These were identi- 
7*d ^ ^bseouently as type one pneumococci. No Meckel ’s diverticulum was found. 
The ronendix was removed and the abdomen closed witl.out drainage, 
rac ape ^ patient was continued on sodium sulfapyridinc. She was 

Postopera Fluids and glucose were given intrnvcnou.sly; multiple 

placed in an o. . t, On the fifth postoperative da}- she was taken 

transfusions were piven fluids and medication bv mouth. On the 

out of the OX} gen Jevelopcd a right lobar pneumonia followed by an 

sixth P“®*^”P®.’'^,*^^'i®,„77gauired drainage. She was discharged as well on Jan. 
empyema which tat 

is pirsoiilocl bcetiiisc idioj.tilliie 
This case tvmie _ difiictill.v, from j)c>rilonitis sccoikT- 

peritonitis is difteycn u , followed in Hd-s case is the o,w recom- 

ary to appendicitis 1 pHonitis of do.tblftil origin. Explorafot-y 

naendedbynsmaheasc. 
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operation tlirough a small incision is recommended rather than needling, 
because by the latter method fluid is not always obtained, and if fluid 
eoutaining stieptoeocci is obtained, the appendix still may be the pri- 
mary #ausc of the disease. If the exploration reveals appendicitis the 
wound is enlarged to peimit appendectomy, if not, the appendix usually 
is not removed. 

ST.\TISTIC\E DATA 

Diiring the past four yeais, 1938-1942, at the St. Louis Children's 
Hospital there have been 223 appendectomies, or operations for appendi- 
citis, with five deaths, a mortalitj' of 2.2 per cent. 

It is to be noted that no deaths occurred following operations for acute 
unruptured appendicitis, recurrent unruptured appendicitis, or acute 


Table I 

Mortality fob Diffeke.nt Tipes op Appevpicitis 
( jANmm, 1938, TO JANC4.Ky, 1912) 


TAPE j 

NUMBER 

OF CASES 

peaths 

MORTAUTr 
(PER CENT) 

Acute, unruptured 

102 

0 


Rccuncnt, unruptured 

75 

0 


Acute, local pentomtis 

14 

0 

0 

Acute, diffuse peritonitis 

S2 

5 

15 6 

Total 

223 

5 ! 

22 


Table II 


Mobtalit\ Rate Accop.disg to Classes (1915 1932) 


CEVSS 

TOTAL 

CASFS 

^ DEATHS 

MORTALITr 
! (PER CENT) 

1 

muniiii 


0 

o 



0 

3 



1.56 

4 



2 02 

5 



9 02 

6 



38.10 

Total 

1 3S0 

1 30(c) 

7.89 


Api ■ aescs ( 1 ) chronic, (2) recurrent, (3) subacute, (4) 

ncute -nitli abscess, (6) ruptured mth peritonitis 

lA!t denote the inclusion of one, tuo, and three patients, 

respi c oper.ation 
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appendicitis mth. local peritonitis. The five deaths which occurred 
resulted from appendicitis associated wth diffuse peritonitis. There were 
thirty-two cases of diffuse peritonitis, making the mortalitj^ rate 15.6 per 
cent. During 1940 and 1941 there were no deaths at the St. Louis Chil- 
dren’s Hospital from appendicitis or its complications. It ivas during 
this period that the pinnciples governing the treatment of appendicitis, 
as outlined above, first were employed unfailingly. 

In Table II are shoivn the results in cases of appendicitis during a 
previous period, 1915-1932, at the Children’s Hospital as summarized by 
E. L. Keyes, ^ 1934. Note a total mortality of 7.89 per cent instead of 
the present 2.2 per cent and a mortality of 38 per cent as compared lo 
the present 15.6 per cent for cases with ruptured appendicitis vith dif- 
fuse peritonitis. 

In Table III the age incidence in relation to mortality is shovm. 

In Table IV an analj'sis of the five fatal eases during the 1938-1942 
period is presented. Tlie analysis indicates that peritonitis is the usual 
cause of death following appendicitis. It is felt definitely that the in- 
volved appendix should be removed. Inadequate exposure is often the 
only factor which prevents this. 


SUMMARY 

During the past four years at St. Louis Children’s Hospital the mo)‘- 
lality from acute appendicitis and its complications has been reduced 
from a previous average of 7.89 per cent to 2.2 per cent. 

The improved results are ascribed essentially to the early removal of 
tlie appendix, to intensive and well-directed pre- and postoperative care, 
and to the adequate use of the sulfonamide drugs before and after 
operation. 

During 1940 and 1941 there were no deaths from appendicitis. 

The methods of administration of the sulfonamide drugs and the sur- 
gical principles governing the care of patients before and after operatimi 
are described. 

Tlip .Tiitlior.'i wi.sh to c.vpress their appreciation to Dr. A. F. Hartmann and his 
n."!'!oclate.s for the coopomtlon of the medical service in this problem of appendicitis. 
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HEPORT OF A CASE OF UNUSUAL AKOJIALT OF THE BILE 
DUCTS IN AN ADULT WITH OBSTRUCTm3 JAUNDICE 


0. W. Niesieier, M.B., F.E C.S , Hamiltok, Oa:t. 

I 'HIS case is of interest chiefly because of the unusual anomaly of 
the bile ducts found at operation and the technical diiSculties and 
dangers incidental to this anomalous arrangement The ease also pie- 
sents certain points of diagnostic interest. 

The patient is a female, aged 51 years, who nas admitted to the 
Hamilton General Hospital on April 7, 1940. 


J’ast History . — She has had flatulent d^spepsla foi twenty jears. Nine months 
before admission she had an attack of indigestion nhich nas followed by jaundice 
lasting tno to three weeks. Another similai attack occurred three months before 
admission and again three weeks befoie admission. 

The jaundice following the last attack persisted and increased until her entn 
into the hospital She states that she had some epigastric discomfort in these 
attacks but no pain. She had lost tnenty pounds in Height during the nine 
months pieiious to entering the hospital. 

Complaints — -On admission, Airs M. complained of neakness, loss of weight, 
and jaundice 

Physical fiiidiiips —Jaundice Has \ery marked and nas of the orange tjpe. 
Stools neie elaj colored and the urine nas daik The liier Has palpable one and 
one half inch belon the costal iiiaigm and was smooth. The gall bladder could 
not be palpated and tendeiness nas absent The spleen was not pnlpsblj eiilaiged. 

Lahoratoiy Findings — Uiine shoned ++ bile, stools also slioned traces of bile 
at times Van den Bergli’s test iias direct +, indirect + + + + , icterus index Has 
99 on April 10, and graduaih fell to 54 on April 25 Tragilify test Has normal 
and galactose tolerance test slioued an excretion of 2 Gm 

X ray Examination —Flat plate and gastiointestiiial senes Here nogatnc Bo 
cause of the jaundice, lodeikon uas not used 


Pisciiss'on of Diagnosis — Pareiichi niatous disease uas ruled out bj the galactose 
tolerance test and the absence of an cnlaiged spleen. Hcmolj tic jaundice Has 
excluded by the normal fragiliti test 

Carcinoma of the head of the pauciens Has excluded by the absence of an en 
lar ed gall bladder, the fact that the jaundice uas not extreme. Has not complete, 
and Has diminished rather than increased 

‘ -tone in the common duct xias suspected because of the long hisforj of flatulent 
idigestion in spite of the absence ot definite pun preceding the onset and lapar 

otoiuy t,o„„Yitamiii K and bile salts ueie gntn until the pro 

preopera ^ normal and fluids and glucose Mcre administered frieh. 

thrombin time ua ),]ndiler lax in its norm il jmsitjou allached to the under 

Operation The ga distcndid .ind sfiapid sonnuhif like a diimbbdl, 

siirfucc of the b'Or. steaded portions loiiiicd'd bx a niirroH « list. 'J’lie 

consisting of txxo glo m „„cd a hard in iss m,] mis , ntin h emend 

loxxer pouch of , toduodenil lig.ment fEig 1) 

bv the peritoneal fold of the I 


Receixed for pu 


ibllcalion, Nox 


. ZO. IS'l 
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This overlying jieritoneal fold n-as divided and reflected and dissection rvas 
carried out to expose the cystic hepatic and common bile ducts. A large duct was 
found entering the distended lower pouch of the gall bladder. This duct was 
three-eighths of an inch in diameter and as it passed down behind the duodenum was 
obriouslv the common duct (Fig. 2). ICo evidence of a cystic duct could be found. 
The fundus of the gall bladder was separated from the liver above and dissection 
was carried downward. The cystic vessels were encountered and ligated and an- 
other duct coming from above was found entering the distended lower pouch of 
the gall bladder on its upper aspect. This duct was about five-eighths of an inch 
in diameter (Fig. 3). The gall bladder was then opened to make sure we were not 
dealing with a densely adherent common duet (Fig. 5). A mass of small gall 
stones cemented together ivith puttylike material was removed from the distended 



Fin. 1 — I’onilition on tlie paU blutJtIt-r . note the (li.Jlen(le<l lower j>ouch 

entelojjL'd l»y the f::i-iroIie|nilir lipanient. 


loner segment. The orifices of both dtict.s displ.ayed by dissection could be seen 
from uitliin tlie nail bladder and a probe was passed into these duets. Xo other 
orifice eoiild be fotinii. The gall bladder foraieil the only connection between the 
common hciiatic duct uini the conimon btle duct, the cystic duct being absent (I'ig. 
fii, ^Ye then hail the following three nlteriintive.s: (1| Choiccystostomy; (2) par- 
tial resection. Iea\ing the loner segment of the gall bladder; (I!) complete cholccv- 
Stectomy nith sulisei|iierit anastomosis of the duets (I’ig, 7). 

We chose tlie latter procedure, llial is. uniting the duels over a T tube. The 
tube nils left la s,i„ for rineral moiitlis and the patient has had no trouble .since. 
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Specimen. IJic specimen is a thick-wnllcd gall bladder with two orifices at its 
ion or end wliero the ducts were divided (Pig. S). The ducts were divided as near 
the gall bladder as possible, leaving no stumps on the latter in order to preserve 
as much duct as possible for approximation. There was no segment of duct at- 
tached to the gall bladder, thus ruling out the dreaded possibility shown in Pig. 5. 

PatfiolOffic Xeport (Summary). — The gall bladder showed adhesions and two 
openings, one labeled “hepatic duct” measuring 0,7 cm. and tlie other labeled 
common duct” measuring 0.3 cm. The wall was thick and tough and the con- 
tents consisted of numerous facetted calculi which were irregular in shape and 
were imbedded in soft friable material. 

iVficroscopic examination showed the mucosa to be infiltrated with chronic in- 
flammatory cells and the subjacent tissue to be edematous and densely fibrous. 



„ Shows duct leaving lower segment of gall bladder .-ind pa.-^sing down he- 

hind duodtoum.^^ second duct entering lower pouch of gall bladder from .above. 

. / ends of divided ducts as seen after removing gall bladder. 


mnu uu ^ second duct entering lower poucli of gall bladder from .above. 

• (’ Shows ends of divided ducts as seen after removing gall bladder. 

^ a which nad to be excluded, i.e., a short or absent cystic duct witli 

"mTn duct c"osely adherent to the gall bladder. 

the common di t ^„^„g<.„ent actually present in this case. 

-"'shows the duet ends being anastomosed over a T tube. 


• __Tlie TOiusual condition described prc.sont.s many inter- 

connection Avitli operative technique and po.ssiUe etiology. 

estingpo . ^ concern is to e-vchide the condition 

During the operahon onc^s c 

shown in Fig- 5, the common duct. "With Ihe gall 

gall bladder is dense > • visualized and demon- 

bladder opened and tiie 
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strated bj" the passage of a probe into them, the true situation was 
clearly apparent. This demonstrates the value of opening the gall 
bladder during operation in certain puzzling cases. 

The question of etiology of the condition reported is also of con- 
siderable interest. SeA'eral surgeons of extensive experience, with 
whom this case has been discussed, suggest that the condition was an 
acquired one. 



In the pi'csenee of a short cy.stic duct, sucli as all surgeons have 
encountered at operation, it is j)os.sil)lc that a stone in the duet might 
progressively enlai'gc causing a gradual dilation of the cystic duct as 
well as the adjacent common duct and neck of the gall bladder as 
shown in Fig- 12, a and b. The lower pouch of the “gall bladder” 
would then consist largely of dilated cystic duct. 1’he fact that it lay 
entirely within the folds of the hepatoduodenal ligament lends color 
to this view as docs the large mass of stones which was present. 

The condition found in this ease may also he explained on the basis 
of a congenital anomaly. Dnc condition which must be considered is 
diverticulum of th(‘ common bile duct. M'alton' has reported six per- 
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sonal cases and refers to between eighty and ninety similar eases re- 
ported by various authors. In his cases and those to Avhich he re- 
ferred, tlie gall bladder was present in its normal form and position 
but there was a large cystic poueli projecting from the lower portion 
of the common bile duct. This pouch was eccentric and projected to 
the right and extended above and behind the duodenum. The divertic- 
ulum resemljled a saccular rather than a fusiform dilatation. This is 



q Illustrates a congenital anomaly as reported by Wolfson, i.e., a rucli- 

mentfiv wll bladcier ^ a diverticulum of the common duct. 

Via 10 -- -Shows the usual type of congenital diverticulum of tlie common duct as- 
with gall bladder of normal size and position. 

„ Illustrates tlie type of anomaly cau.sed by the absence of the common 

tlie cystic duct enters the duodenum directly. 

Fig 12 —Illustrates a po.ssible acquired origin of the condition found in this case. 


nrobably the condition actually present in those cases reported m the 
literature as “Congenital Cj^stic Dilatation of the Common Bile Duct. 
Walton states that the opening of the common hepatic duct in the 
unper part of the sac was directly opposite that of the common bile 
/ f UpIow They lay on the medial aspect of the pouch and weic 
"I . "v ri-llol ..'oo™. This s„.»cs.„, ,1.0 la.c. 

of the ;ommon duet was involved in the protrusion. He assimie 
Ta I lgcila. .-Cmess o.istod this paot of ,hc < «o, ™„ 
ilil." ittopi-olnKlo g.-„<taally as a sacoalar pouch (I'lg. 10). 
aliolun,, „ , veiforts a similar case in wliich tliere was a riidmicn- 
^^'"^TblSler in the normal situation and a diverticulun. of the 
tary ga ‘ (.ontainim: calculi as shown in Fig. 9. 

common ij„iation tit the ca.se in point one would linve to 

To make this ' conditions; (1) The occiiiTcnee of a 

assume one o represented in thus ease 

diverticulum at tne • 
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by the lower pouch of the structure removed., the upper pouch being 
the true gall bladder; (2) the congenital absence of the normal gall 
bladder and the development of a diverticulum which represented the 
entire structure removed in this case. 

Because the structure occupied the normal situation of the gall blad- 
der and was attached to the under surface of the liver as usual, I 
am inclined to reject the explanation tliat it represents a congenital 
diverticulum. 

The simplest and most logical explanation of the anomaly encoun- 
tered in the case reported is an anomaly of the duets, probably the 
congenital absence of the cystic duet. The hepatic duct entered the 
gall bladder from above and the common bile duct took exit from its 
lower aspect, the gall bladder formimr the only connection between 
them. ^Yalton^ has reported a case of this tyi)e. ilentzner^ points out 
that the cystic duet is veiy short in many cases and states that nine 
cases of true congenital absence of the cystic duct have been reported. 
All .surgeons of experience have, of course, encountered the very .short 
cystic duet at operation. Mcntzner states further that in certain ani- 
mals it is very short and is absent in the hadger and baboon. He also 
makes the interesting statement that the anomalies found in man rep- 
resent a reversion to the normal arrangement in certain animals. 
Mentzner also points out that the common duet is absent in some ani- 
mals, the hepatic duet enterinsr the call bladder from above and the 
cy.stie duet entering the duodenum below. The cystic duct in the.se 
eases replaces the common duct (Fig. 11). Whether the duct connect- 
ing the gall bladder with the intestine is embryologieally the cystic 
or the common duct, in the case recorded, one cannot say. Either 
anomaly, namely, the ab.sence of the ey.stic duct or the absence of the 
common duet, would appear to adequately explain the condition found 
in this case. Of course, the large mass of stones found in the lower 
segment of the gall bladder representing Hartmann’s pouch would 
cause distension of this segment with oeclu.sion of the hepatic duet and 
production of the jaundice present in this case. 

coxci.usiox 

1. An unusual anomaly of the bile duets is described and its possible 
etiology as a congenital or acquired condition is discussed. 

2. The ease presented considerable diagno.stic interest because of the 
entire absence of pain in the presence of ob.structive jaundice due to 
gallstones, 

3. The technical difficulties aj-e described and the following practical 
conclusions may be draum : 

(a) In every ease of surgei-y upon the biliary tract thorough expo- 
sure of the hepatic, common, and cystic ducts is essential. 
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soiial eases and j'cfei’s lo between eighty and ninety similar cases re- 
Poi'led by A^aidous authors. In ])is cases and those to which he re- 
feri’cd, the gall bladder was present in its normal form and position 
but there Avas a large cystic t^onch pimjceting from the loAA'er portion 
of the common bile duct. This pouch was eccentric and projected to 
the right and extended above and behind the dnodennra. The divertic- 
ulum resembled a saccular rather than a fusiform dilatation. This is 



Fig. 9. — Illustrates a congenital anomaly as reported by Wolfson, i.e., a rudi- 
mentary gall bladder with a diverticulum of the common duct. 

Fig. 10. — Shows the usual type of congenital di\ erticuluni of the common duct as- 
sociated with gall bladder of normal size and position. 

Fig. 11. — Illustrates tlie typo of anomal.v caused b.v the absence of the common 
duct where the cystic duct enters the duodenum directly. 

Fig. 12.. Illustrates a possible acquired origin of tiie condition found in this case. 


probably the condition actually pre.sent in tho.se eases reported in the 
literature as “Congenital Cystic Dilatation of tlic Common Bile Duet.’’ 
■Walton states that the opening of tJie common hepatic duct in the 
upper part of the sae ivas directly opposite that of the common Idle 
duct below. They lay on the medial aspect of the pouch and were 
connected by a shallow groove. TJiis suggested that only the latci'al 
mil of the common duct was involved in the protrusion. He aa.simied 
come coiwenital weakness existed in this part of the duct wall 
^ to protrude griidiially as a saccular pouch (Fig. JO). 

w if^tr also reports a similar case in which there was a riulimen- 
n n O/Jm- in the normal situation and a divert iciiliim of the 
lary gall containing calculi as shown in Fig. '). 

common uc fit the ease in point one v-mild liave lo 

To make following conditions: (J) Tiie oecun'eiice of a 

assume one of the " t.v.sfic duet and rcprc.sentcd in Ibis ease 

diverttollm' »• "" 



THE TREATMENT OP COMMON DUCT STONE JIISSBD AT 

OPERATION 

H. B. Moktox, JI.D., jM.S. (ix Surg.), Lixcolx, Neb. 

T O LEAVE a stone in the common or hepatic bile ducts during sur- 
gery on these structures is not a rare oecuiTence. Surgeons admit 
freely the higli incidence of stones left in the biliary tree following 
surgery directed for their removal. The embarrassing facts associated 
with this situation are a continuance of the patient’s srauptonrs of 
dyspepsia, pain, jaundice, chills and fever, and the high mortality 
rate associated rvith a secondary search for these stones. These sec- 
ondarj' operations are so rrndesirable that any less difficult or hazardous 
procedure of dealing with the overlooked common duct .stone is very 
acceptable. 

The practice of using cholangiography at operation, as advocated by 
Mirizzi,^ or postoperative^ before removal of the T trrbe in the common 
bile duct,^ has enabled the surgeon to determine cjuile accurately the 
presence or absence of obstruction to the outflow of bile from the 
biliary ducts. 

By combining cholangiography and a stud.y of varying pressure 
mthin the common bile duct under varjdng conditions, Walters and 
his associates made some very valirable findings on the physiologj’’ and 
pathologic physiology of the common bile duct,® together with the 
pharmacologic action of various drugs on tliis duct and the sphincter 
of Oddi.^ 

Pribram,® in 1935, reported the dissolution of stones in the common 
duet by the injection of ethyl ether through a di’ainage tube in the duet. 

Walters and Wesson® report a case in which a common duct stone 
was caused to fragment by three daily injections of 5 c.e. of ethyl ethei’, 
and with two additional injections of one-third ethyl alcohol and two- 
thu'ds ether it passed into the duodenum with the aid of amyl nitrite 
inhalations as a relaxant to the sphincter of Oddi. 

REPORT OF CASES 

C\SE 1 — Mrs. D., aged 33 jears, entered the hospital, June 6, 1937, because of 
marked jaundice Her present trouble began suddenly four Meeks preiioush, Mith 
severe pain under the right costal arch, ladiating into the subscapular area. Mor 
plime admimsteicd h\ podcrnucalh was required to control the pain, mIucIi lasted 
a fcM davs and suddenly subsided. The temperature rose to 101° F. near the 
onset and gradualh returned to normal. Definite jaundice Mas in evidence after 
two or three davs and graduallv increased to the tune of admission. 

The patient had a cesarean section five months previous!} . Her convalescence 
was complnated bv throniboiililcbitis and multiple pulnionarv infarcts. A second 
incidence of tliromboplilcbitis cau'cd her to renuim in bed until about si\ weeks 
prior to this admission 

Kcciivtd for publication, Dee 1. 1911 
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(b) If this is ol)Scrved radical surgery way he safely carried out 
even in the presence of the most anomalous conditions. 

(c) The value of opening the gall bladder in certain complicated 
cases for the purpose oT exploration from -H-ithin its cavity is emphasized. 
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Com alescenoe was quite satibfactoij until the si\tli postoperatiie daj, when 
there was lery free bleeding' in the wound and around the drainage tube Ked 
blood count dropped to 1,440,000 and the liemoglobin to 37 pci cent. Small dailj 
transfusions were being giicn. Aftei foiti eight liours the bleeding stopped teni 
porarih and the red blood count and liemoglobin ro'e to 3,220,000 and 05 per cent 
respectiieh. On the fourteenth postoperatue daj there was further bleeding and 
the red blood count dropped to 2,700,000 and the hemoglobin to 53 per cent. At 
this time there had been lerj little bile fiom the T tube and little or no decrea'^e 
in the jaundice. About the twentieth postopeiatue daj tlie jaundice began to de 
crease, the bleeding cea‘-ed, and an increased amount of bile drained from the T 
tube Special laboratorj te«ts requmng vena puncture were omitted because of 
the inaecessibilit} of the veins and therefore the serum bilirubin levels were not 
known. Intraienous solutions and transfusions weic gi\en bj continuous drip 
through a cannula tied in the \em Subsequent progress was \erj satisfactory. 



ris IB 


-Cliolangiopram of Case 1 after dissolution of the common duct stone hi 
ctlier-alcohol mixture befoie remotal of T tube ^ 


On the tliirti fourth postoperatne daj a cholaugiograra was made bj injecting 
bpiodol through the T tube A shadow interpreted as a stone was «een m the distal 
end of the common duct (Fig IJ) 

A mixture of one third ethyl alcohol and two thirds ethxl ether m amounts of 
5 cc was injected dailj into the T tube, for file dais 

11,0 follow mg dai a cholangiogram failed to show am eiidonce of stone (Fio 
iB) K subsequent chobngiogr.iphic studi after tliree dais reicaled a prompt 
and free flow of the injected media into the duodenum. After the latter stu,li 
the T tube was renioicd The patient has renuiined well to date 
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Pnniily history secniod irrelevant, 

Uxann'iinlion. Ihc patient nas obese, weighing 200 pounds. On admission the 
temperature was 98.4° P., pulse 84, and blood pressure 84/50. Skin and sclera 
nerc a deep jellon color. General physical examination vas othervsise essentially 
negative. Ao definite tendernes.s, spasticity, or sense of mass could he made out 
in any part of the abdomen. 

Bile graded 3+ was reported on urinalysis but only a faint trace was found in 
the stool. The urine, which had a .specific gravity of 1.010, contained albumin 1+. 

The white blood count was 5,800, the red blood count was 4,940,000, and the 
hemoglobin was 94 per cent. 

The coagulation time was six minutes and the bleeding time was three minutes 
and forty-five seconds.* 



,4 PnqtODOrative cholangiograni of Case 1 showing shadow of stone m ampulla 

r ‘b- j- Qf vater. 


A diagnosis of obstructive jaundice was made and the patient prepaied for 
rv by intravenous solution of glucose, calcium gluconate, and small blood 

oLil J 

transfusio juno 9 1937, the common bile duct wms found to bo about 1 cm. 

At opera i gojnmon duct was opened and a probe passed easily into llir 
in diame er. impafie duct. Tlic head of the pancreas seemed slightly 

duodenum an gxpjor.ation of the bile ducts failed to reveal evidence of 

enlarged. ,,.^5 very dark in color and sliowcd diffuse Iiepatitis grade l-f. 

obstruction. '® '' jigmial size and .showed moderate thickening. The gal/ 

The gall bladd®'' " as ■ ,r,fl a T tube was placed in the common duct. The gall 


bladder was 


remmed and a 


Tdder sbowed mild chronic 

thich Wack bile. 

prothrombin time was 


infianmiatory changes and contained 
not in general use at this time. 


to 4 c.c. of 
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A dingnosis of acote cholecysfitis anti cholangitis wag made. The high fever 
and leucocytosis nere highly suggestive of a gangrenous condition of the gall hladder 
hut the patient seemed desperately ill and in a state of mild shock, so that surgery 
was deferred and supportive measures instituted. Ten per cent glucose in saline 
solution with thiamin chloride was given intravenously in amounts of 3,000 c.c. 
in twenty-four liours. Soeotened fruit juices were offered per oram as tolerated. 

An injection of 1 c.c. of srathctic vitamin K nas administered intramuscularly. 
The patient was typed for transfusion and repeated white blood counts were 
ordered. The temperature rose rapidly to 105° F. and then receded. After eighteen 
hours the temperature and white blood count were markedly lower. Sulfathiazole 
therapy wa.s in.=tituted and after eight days the septic course had definitely sub- 
sided. Bile appeared in the stools at this time. Tlie blood pressure was 120/80, 
pulse 06, and temperature 99 to 100° F, The wliite blood count was 15,000 and 
the prothrombin time nas normal. A total period of tnelve days was used for 
preoperative preparation. Intravenous fluids and glucose were gradually replaced 
by oral fluids, a high carbohydrate, high protein, low fat diet with supplemental 
high vitamin intake. 



common 


logram in Case 2 showing^ prompt passase of opaque media from 
duct into the duodenum after the ether-alcohol injections. 


At operation on the twelfth hospital day the gall bladder was found to be 
sm.ail, markedly thickened, and injected with a small gangrenous area at the fundus 
which was adherent to the abdominal wall. It was fifled with stones of various 
sires. The great omentum was adherent to the gal! bladder and bile ducts. The 
common bile duct was markedly dilated, surrounded by edematous tissue, and con- 
tained several large stones. The liver showed diffuse hepatitis grade J.’ 

The conunon duct was opened, the stones rcmqved by scoop, and the common 
and hepatic ducts e.vplored and flushed out with saline solution. The probes, scoops 
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Cask 2.--.Arrs. B., jigcd 37 j-eurs, entered tlie liospital, Aug. 19, 1941, because 
of severe right upper quadrant pain, jaundice, cliills and fever. The present trouble 
began five day.<! prior to admission, a.s a sudden, severe, .sharp pain under the right 
costal arcli, radiating to (he tip of the right scapula. Two days later a yellow 
tint to the skin and sclera developed and gradually deepened. This was accom- 
panied by chills and fever. Eepeated hypodermic injections of morphine sulfate 
were required to control the pain. 

In the past history was a storj' of a gall bladder type of dyspepsia of ton years’ 
duration, with recurrent mild attacks of right upper quadrant distre.ss. 

The patient’s father died at the age of 4C years from cancer of the colon. Fam- 
ily and personal history were otherwise essentially negative. 



•rs- o j ■PA<;toi->erative cholangiograni in Case 2 showing- stone or stones impacted in 

Fi&- -A. X o ampulla of Vatcr. 


Examination revealed an obese female apparently very ill, with a temperature 
f loV F. a pulse count of 142, and a blood pressure of 90/00. Other positive 

, ’’ ^ggp icteric tint of the skin and sclera, marked tachycardia, and 

findings were a X ... ,, 

moderate tenderness 


.Ulfilv; '7 - — ^ 

ver the gall bladder, which was palpable below tbo costal 


1 • f T, catbeterized urine specimen showed : Specific gravity 1.010; pH, 

Urinalysis o * • granular casts, +. The white blood count was 

5.5; albumin, •{+; ’ ’,vas 82 per cent. A Schilling licmogram ."Iiowod a marked 

37^450 and the be®®? ° ntlironibin time was one minute and fifteen seconds (normal 
shift to the left, "he pr jmmodiafe direct rc- 

is twenty-three seconds). bilirubin, 

sponse with a value o - interpreted as .showing a toxic myocardosis. 

An eleetrocardiograplue study - 
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It has become common practice to explore and place some type of 
drainage tube in the common bile duct in cases of suspected or appar- 
ent stone or other obstructive pathology, 

Emplomnent of postoperative cholangiography peimiits the surgeon 
to evaluate the results of his operative efforts and discover any residual 
stone or other obstruction before the drain is removed. Attention 
should be called to tlie fact tliat a single eliolangiogram may shorn ob- 
struction which is the result of local spasm and be erroneously inter- 
pi'eted as organic obstruction. The value of taking a series of eholangio- 
grams in one such ease is shown in Figs. SA and 35. 



The majorily of gallstones show a high content of cholesterol, which 
dissolves or disintegrates readily by ether. This fact lias been utilized 
to dissolve common duct stones missed at operation. Tliis procedure 
lias been succe.ssful in tlic eases here reported and is eortainlj’ preferable 
to a secondary operation. 

Best and Ilickeii" ha\e utilized the findings of other workers on the 
aniispa.smodic aclioii of certain drugs on the sphincter of Oddi and the 
eholoretic action of various .snlislances together with bile duct irrio-a- 
lions in de\ eloping their “biliary flush." Tins is no doubt an e.xcellent 
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and inigating solution passed ficoly and easily into the duodenum. A T tube 
was placed in the common duct. A .subtotal cliolccystcctomy a.s advocated by Estes" 
was carried out and a tube inseited into tiie stump of tlie cystic duct. 

In the tirst forty-cigbt-lioui postojawative jieiiod tlic patient do\eloiicd niarlied 
liyporpyio.xia and an aioa of atelectasis in the ]o^scr lobe of the light lung pos 
terioily. The Troiidelenbnrg j)osition, carbon dio.side inhalations, and frequent 
change of posture uerc thought to contiibute to a prompt disappearance of these 
complications. Bile began draining promptly and in good amount from both 
drainage tubes. Tlio uound healed promptly and fundy. 

An attempt to clamp the cystic duct and common duet tubes on the twelfth 
postoperative day produced epigastric distress, nausea and vomiting, and moderate 
fever. The tubes were permitted to drain arrd .srrlfathiarole uas administered. Four 
days later this drug nas discontinued bec.ause of a dermatitis. 

Cholangiograms on the sixteenth and tn crrtj'-sixth days postoperativcly revealed 
an obstruction in the common duct interpreted as a stone, or stones, in tire ampulla 
of Vater (Fig. 2A). 



•1 • vetions of a tnixture of 4 c.c. of etlrer and 2 c.c. of ethyl alcohol 

Sis daily rnj After the fourth rnjcctron the stools, uhich had varied 

ito the T tube brorvn, became dark broun, and the epigastric distress 

rotn clay color o possible to keep the T tube clamped constantly. The 

isappeaie^' It ■"'Os rcmo\cd and the second cholangiogram showed 

ibe in the cystre due ‘ on the ilay following the Inst instillation of 

ds tract to be closed. „ prompt and free discharge of the rr 


.ppeaied. renio\ea ami the vecomi cholangiogram showed 

e in the cystre due ‘ on the dny following the Inst instillation of 

; tract to be closed. onstrated a prompt and free discharge of the media 

ether-alcohol mixture c and failed to demonstrate any shndim 

“""orTreSSrnriion (Fig. 

stone or otm-i 



THE EFFECT OF ANESTHETICS ON GASTEIC TONUS AND 
iEOTTLITY WITH SPECIAL EBFEEENCE TO ACUTE 
GASTEIC DILATATION*' 


Clwe K. Johxsok, M.D.jt axd Fkaxk C. jMaxk, M.D., 
Eochester, Mixx. 

(From, the Division of Experimental Medicine, Mayo Foundation) 


I T IS generally agreed that in acute dilatation of the stomach there is 
a loss of gastric muscle tonus Avith the result that accumulated secre- 
tions and gas can balloon out the relaxed A'iseus.*’ There 

is regurgitation of variable amounts of fluid. Dehj'dration, sAunptoms of 
toxemia, and collapse are features of the condition if it is progressive 
and unrelieA'ed. 

It seems clear from the rvoi’k of Dragstedt and otlier’s'® that, once the 
stomach has become dilated, the main factor in the pathogenesis of the 
condition is the failure of the gasti-ic and pancreatic .iuices to be reab- 
sorbed. These secretions stagnate in the atonic stomach or are lost by 
regurgitation, and fail to reach the lower absorbing portion of the gastro- 
intestmal tract. Water and the inorganic elements, sodium and chloride, 
are lost from the blood pla.sma. Dehydration and alkalosis result and, 
unless the fluid and electrolytic balance is re-establi.shed, death I’esults. 

The problem then seems to be: Why does the stomach become atonic 
in the first place and in some cases remain so for a considerable length 
of time, even in spite of treatment? Clinically, acute gastric dilatation 
has been observed in association with a Avide variety of conditions, among 
which may be mentioned its occurrence following an attack of migraine,-" 
during the course of pulmonary tuberculosis,^^ in seA'ei-e diabetes,’ and 
following various operative procedures.” There are, undoubtedly, mul- 
tiple etiologic factors. In the majority of eases, hoAvever, the condition 
has occurred postoperatively, and in these cases it has occurred most 
frequently following laparotomy among patients aaAo have had a general 
anesthetic. It has been only natural to look to the effects on the stomach 
incident to operation, either the operative procedure itself or the anes- 
thetic or both, in seeking an e.xplanation of this complication. 

Dragstedt’^ revicAved the question of the causation of acute postopera- 
tive gastric dilatation and concluded that the primary cause for the 
reduction of uastric tonus is an inhibition caused bj' reflex stimulation 
of vagus and splanchnic nerves to the stomach during the couree of the 
operation. This author noted, lioAA-evcr, that no amount of stimulation 


•AUrklsmcnt of tliosis aubmUted by Dr. Johnson to the faculty of tho 
fFclIon- In Sursery. 

Kccclved for publication. Oct. 23. 134J. 
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procedure to overcome obstruction from spasm, inspissated bile, or very 
small stones but it does not seem feasible for the larger stones such as 
were demonstrated bj' the x-raj’’ in the cases here reported. Best" has 
recently reported this limitation in the use of his nonoperative regime. 

sraijiART 

Two cases of common bile duct calculus arc reported in whicli stones 
remained in the duct after operation. In eacli ease the stone was dis- 
integrated bj" the action of ether and alcohol injected into the T tube. 

■■ This dissolution of the stone and its passage into the duodenum were 
demonstrated by cholangiographic studies. 
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of the newer asents and combinations of agents, on the gastric tonus 
and motiUty of die dog under the following conditions; (1) in annuals 
in which the extrinsic gastric nerves were present; (2) after bilateral 
splanchnicectoniy and double vagotomy; (3) after bilateral splanchnic- 
ectomy only ; and (4) after double vagotomy only. 

METHOD 

The effects of anesthetics on the motor activity of the stomach were 
studied in dogs that had permanent gastric fistulas. Toung healthy 
dogs weighing 7 to 16 kg. were selected and trained to lie quietly on the 
right side. The llann-Bollman type of fistula was employed (Fig. 1). 
This was prepared by a two-stage procedure. In the first stage a loop 



of the teiminal portion of the ileum S to 10 cm. in length was isolated. 
The continuity of the ileum was established by a side-to-side anastomosis. 
The distal (aboral) end of the loop was anastomosed to the stomach near 
the middle of the corpus; the proximal (oral) end was closed, passed 
Ihrough a stab wound in the upper portion of the left rectus muscle, 
and anchored in a subcutaneous position. Tlic abdomen was closed in 
layers. The pro.ximal end of the loop was closed and left beneath the 
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oL' lliese jicrves in Die oxperiiiienDil juiinial would produce Die eondilion 
and lie concluded Duit, in addition, Die gastric iniiscnlatnre must be de- 
Jircssed by the anesthetic in older for the syinjitom complex to he pro- 
duced. It is with the role of ane.slhesia as a iiossihle etiologic factor 
that the present iii'V'estigation is concerned. 

Kelliiig found that he could produce an enormous degree of gastric 
distention in dogs hy tnnnping iii air through a gastrostomj' opening if 
the animals ■were first anesthetized. In unanesthetized dogs he could 
produce only a moderate degree of dis lent ion because regurgitation 
through the esophagus emptied the stomach as soon as the intragastric 
pressure rose. 

Baron and Barsony carried out roentgenoseopic studies on the gastro- 
intestinal tract of dogs during anesthesia with chloroform and ether. 
They observed marked relaxation of the stomach with both these agents. 
Peristalsis was abolished. In some cases full I'elaxation persisted for one 
hour after discontinuance of the anesthetic and recoveiy was complete 
only after three or four hours. 

Miller, using the balloon-recording method, studied the effects of gen- 
eral anesthesia on the muscular activity of the gastrointestinal tract of 
dogs that had permanent fistulas. This investigator observed a decrease 
in gastric tonus and a reduction in motility during third stage anesthesia 
with ether and chloroform. In some instances the stomach was still some- 
what depressed as long as five houi’s after recovery of consciousness. 
With nitrous oxide, after administration of the anesthetic had been dis- 
continued, there were a decrease of tonus and a reduction in motility 
similar to those which occurred with ether anesthesia. 


Bisgard and Johnson found gastric tonus and motility to be depressed 
by ether and nitrous oxide in both man and dog. On the other hand, 
these workers found that with some agents, notably cyclopropane-oxygen 


alone, and espeeiallj’ cyelopropane-oxygen as a supplement to a basal 
anesthetic of avertin with amylene hydrate, gastric aetivitj^ was in- 
creased. They suggested that this difference in action might be depend- 
ent on the relative quantity of oxygen in the blood and tissues during 
anesthesia. Another explanation which has been offered concerning the 
difference in action observed with diffez-ent aziesthetics is that the effects 
of some agents might be mediated through the sympathetic nervous 
and” other agents might affect the gastric musculature directly." 
^^ Th^ effect of ane'sthesia on gastric ioims and motiUty is of furlher 
t ■ view of the ever-increasing use of newer and special anesthetic 
interes in employed alone or in comizination with other agents, 

agents w iic < ^ frequent use of the newer agents may be scon 

The trend reports on anesthesia such as those of Lundy 

from the penouve^^ 

and his associates. ^ properly the question of anesthesia as a 

In order to e\a < acute ga.sti-ic dilatation, it was decided to 
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An attempt Avas made to determine the position of the balloon in the 
stomach roentgenographically. This was not entirely satisfactory. In 
order to outline the walls of the stomach accurately in relation to the 
balloon it Avas necessary to introduce a considerable amount of con- 
trast medium into the stomach. Tliis represented the position of the 
balloon in a partially filled stomach and did not meet the conditions of 
this investigation. Aceordinglj'', when all experiments Avere completed, 
laparotomy Avas performed on three fasted dogs and the position of the 
balloon Avas determined by inspection, after Avhieh the dogs Avere killed. 
Laparotomy Avas performed under pentothal sodium anesthesia. In 
all instances the stomach Avas found contracted on the balloon which 
occupied the proximal portion of the prepyloric region, all of the 
corpus, and most of the fundus, as Avas determined by palpation and 
A-erified by direct inspection after the stomach had been opened. 

Observations of the effects of anesthetics on gastric tonus and mo- 
tilitj"- Avere repeated after splanehuicectomy and vagotomy. For this 
denervation a tAvo-stage procedure Avas employed. The first stage con- 
sisted of a thoracic approach through the eighth interspace on the left 
side. Segments measuring 2 cm. in length Avere removed from each of 
the vagal trunks as they lie on either side of the esophagus immedi- 
ately above the esophageal hiatus of the diaphragm. In this location 
the trunks haAm been formed from the pulmonary plexus but haAm not 
yet dhdded into the various rami Avhich supply the stomach and other 
abdominal A'iscera. The loAver seA'en sympathetic ganglia and connect- 
ing chain, as Avell as the emergent splanchnic nerves in practically their 
entire extent, Avere removed. When recovery Avas complete, usuallj^ 
after tAvo to three Aveeks, splanehuicectomy Avas performed through the 
eighth interspace on the right side in a manner identical AA'ith that em- 
ployed on the left. Bilateral splanehuicectomy and double Amgotomj" 
Avere performed on four dogs by this tAAm-stage procedure. 

Transthoracic double Amgotoray only Avas done on tAvo dogs and 
bilateral splanchnieeetomy only aa'cs performed on tAvo dogs by the 
procedures herein described. All dogs on AA'hieh double vagotomy Avas 
performed Amraited for a feAv days after the operation. This occurred 
shortly after feeding but not all the food ingested Avas lost by A'omiting. 
t^ltimately the vomiting ceased altogether and the dogs appeared per- 
fectly normal. There AA'as no A’omiting in the dogs submitted to bilat- 
ei'al splanchnieeetomy only. 


RESULTS 

A. Effects of Anesthetics on Gastric Tomts and Motility in Animals 
in Which the E.rlrinsic Gastric Werres Are Intact. 

1. Ether (Fig. 2a). — The effect of ether anesthesia on gastric tonus 
and motility Avas studied in tAA-clA'c dogs. Induction of anesthesia aaus 
carried out by the open drop method. Anesthesia aaus carried to plane 
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skin to protect tlie gastroenteric anastomosis from bacterial contamina- 
tion from tlie skin surface. Tavo Aveeks after the first procedure the 
closed loop^ of ileum AA'as conAmrted into a fistula by opening it through 
a short incision in the skin and suturing the edges to the margin of the 
skin. By giAung the loop this relation AAotli respect to the stomach and 
the abdominal AAmll, peristaltic activity is directed toAA'ard the former 
and aAA'ay from the latter. In no instance Avas there leakage of gastric 
contents on the skin of the abdominal AAmll. The dogs appeared perfectly 
normal after establishment of these fistula.s, and the latter AA^ere stiU 
functioning aa'cII at the time of necropsy, AAdiich AA'as in some instances 
as long as thirteen months after the fistulas had been established. 

The apparatus used to record the motor actiAuty of the stomach aa'cs 
the balloon-bromoform manometer apparatus similar to that described 
by Carlson. A deflated condom balloon attached to the end of a No. 20 
French hard rubber catheter AA'as passed through the fistula into tlie 
stomach. The other end of tlie catheter Avas attached to a rubber tube 
connected AAuth the manometer. One hundred and eighty cubic centi- 
meters of air Avere introduced into the balloon; this amounted to a 
pressure of 2 to 6 cm. bromoform. The volume AA'as not sufficient to 
stretch the Avails of the balloon. A writing lever attached to a float 
riding on the column of bromoform recorded the actiA'ity of the stomach 
on a sloAvly revolving kjTnogimph. Because this method records changes 
of diaphragmatic pressure, a concomitant record of the respiratory ex- 
cursions Avas made by a standard pneumographic method. 

The tracings obtained by this technique shoAV contractions and altera- 
tions in tone of the gastric musculature. The latter are represented by 
changes in the leA'el of the “diastolic” line of the tracing. 

The animals Avere fasted for eighteen to tAventy-four hours preceding 


each experiment. A control obserA'ation of fifteen to thirty minutes Avas 
made before each anesthetid AA'as giA'en. The most frequently obserA'cd 
tA'pe of contractions during the control period AA'as type II, according to 
the criteria of Carlson. In this type of contractions the tonus of the 
stomach is relatively high and the contractions foIIoAv one another in 
•anid succession. The duration of the contractions varies betAA'een 
tAA'enty and thirty seconds. The contractions may vary to some extent 
• 1 amplitude and rate, but othei-Avise are practically continuous. 

” Obseimations Avere not made during the periods of induction of, nor 
foils from, the anesthetics because during these periods exaggerated 
exrarsions and bodily moA'cments made recording of gastric 
respira o - jj„possible. Obsen-ations AA-ere made at A-arious intervals 
motor ac anesthetics had been discontinued until gas- 

trie tonus an administered by means of an apparatus 

The anesthe ic ® ■\v]iich AA'as designed bj' iiloiisel 

Avhich alloAA's relnea animals. Carlion dioxide aa'os absorbed 

and Seldon for use on . of .soda lime. This apjiaratns Avas at- 
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2. Ether With Premedication of Morphine and Atropine (Fig. 2h ). — 
Observations were made on six dogs. SlorpJiine sulfate in doses of 0.5 
to 0.75 mg. per kilogram of Imdy weight and atropine sulfate in a dose of 
0.023 mg. per kilogram of body weight were given hypodermically. Mor- 
phine in tliis dosage produced a state of drowsiness in the dog which 
was thought eomiiarable to that produced in man after the usual pre- 
operative administration of morphine. 

In all observations after the administration of morphine there was a 
transient increase in gastric tonus and motility followed by a marked 
decrease in motility and a moderate reduction in tonus. There was little 
further effect on gastric activity after the administration of atropine. 
After etherization to the third stage there were a further decrease in 
tonus and complete loss of motility. The average time required for 
tonus and motility to return to normal was five hours and fifteen minutes. 

3. Nitrous Oxide-Oxygen and Ether. — Observations were made on six 
dogs. For these experiments an ether vaporizer was attached to the gas 
machine. "With nitrous oxide-oxj-gen the animals were anesthetized as 
deeply as possible without producing cyanosis. Ether was then added 
and the degree of anesthesia was carried as nearly as possible to plane 2 
of the third stage and held there for fifteen minutes. Yeiy little skeletal 
muscular relaxation was produced by the gas-oxygen alone and during 
this period gastric motor activity was unaffected. After ether was added 
and anesthesia carried to the third stage, there was marked reduction in 
gastric tonus and motilitj' was entirely abolished. The time required 
for tonus and motility to return to nomial fell within the range of that 
required for ether alone. 

4. Ether Supplemental to a Basal Anesthetic of Avertin With Amy- 
lene Hydrate (Fig. 2c). — Observations wei*e made on five dogs. Avertin 
with amylene hydrate in a dose of 100 mg. per kilogram of body weight 
was administered thirty minutes before ether was given. With avertin, 
gastric motor activity was unaffected in three dogs. In two dogs the 
amplitude of contractions was moderately reduced. In all instances, 
after anesthesia was carried to the third stage with ether, the effect on 
gastric tonus and motility was the same as with ether alone. 

5. Prolonged Ether Anesthesia. — ^The effect of prolonging ether anes- 
thesia on gastric motor activity was studied in five dogs. Third stage 
ether anesthesia was maintained for one hour and fifteen minutes. The 
results were very similar to those obtained with the fifteen-minute period 
of ether anesthesia. The time required for tonus and motility to retium 
to normal averaged ten minutes longer than that required when ether 
anesthesia was maintained for only fifteen minutes. 

6. Cyclopropane-Oxygen (Pig. The effect of cyclopropane-oxy- 

gen anesthesia on ga.stric motor activity was studied in seven dogs. An(»- 
tliesia was carried to plane 2 of the third stage and maintained at the 
level for fifteen minutes. Skeletal muscular relaxation was thought to 
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2 of the tJiird stage, according to tlie criteria of Gnedel, and maintained 
as nearlj^ as possible at tlie level for fifteen minutes. In eveiy instance 
gastric tonus was greatl}’' diminished and motility completely abolished. 
The time required for tonus and motility to return to normal was from 
one hour and fifteen minutes to ten hours. In eight dogs the motor 
activity had returned to normal two to three hours after the anesthetic 
was discontinued. Usual] y tonus began to return before motility; other- 
wise tonus and motility returned together. 
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P. Ff/yr^-^-O-ycr;-.— The f-n^n of i^thvlene-onvgen on gastric motor 
ar-trsity vras smdie-i in ^-ren c'^-nn In foar dr>gs. third stage anesthesia 
trith modemto sh-ietcl t::ns--nlar rtlasa'ion tves produced, imacctnu- 
panied by c-yano-h:. Th'^ro — a modotcre d‘=oTtase in tonus and a com- 
plete abolition of z.totfii'y in these instane«-s. The average time requiivii 
for tontL^ ar d r otnity to return to. nomai vras one hour. 

In three d .c? a d-y*!. '■■f an«-h«:' ^runieient to cause skeletal muscitlar 
lelanatton r-’j-'A ro* he fr'air.ed trithout pnxlueinn cyanosis. In these 
observation.- 'i.e.-e on necrie tonus and motility. 

Vl. fr'/- ' T'ey^'/>rJ .’''odn/ja ^Fis. 3n '. — Observations tvere 
made or. ver. d'c*. F-r.^o^hai eodiur.n in a o per cent aqueous solution 
•!va.s raver oudy, Ane^he-ia -was carried to the third 

stage aei'.ordir.n to rh- r'.rixria of Lundy.” Tvrenty-three to ttrenty-eight 
milligrams of T--r.*o*hai -ooiiur' trer luloutam of body weight were re- 
quired. 

In fi^e doss tixre vxre a rrznA^-rtt reduction in tonus and a decrease 
in motilitj- immedza'ejy after injee-tion of the ditig. In all of these 
observations tonu,- and motility had returned to normal before the ani- 
mal was awake. In t'.ro dou- "n-nric tonus and motility weix? unaffected 
hr third «tauc anesthe-ia produced by the intravenous iiijeetion of pento- 
thal ‘odium, 

11. Jnfri-nf>Tr/ir<! A flminUt ration of Paiiothal Sodinm Supphtnenfed 
With Xifrw/t f) ridf^Oxiipen. — The effect on gastric motor activity of 
intravcnoiis adrojni-.tration of pentotha! sodium supplemented with ni- 
trous oxidc.<-)V.'-"frj tra- ‘tudied in seven dogs Pentotlial sodium in doses 
of 15 to 20 rn" per kilogram of body vreight was given intravenously and 
the anirna!" were rlh/ted 1o breathe a nas mixture composed of equal 
parts of nitro'j ox:ide and oxysen. In all observations there was no 
effect on gastric tonn or r otility. 

12 Spin'd Apf'lhfAa tVv'. 3hi . — Obsemations uere made on .seven 
dogs. To facilitate lumber f.uncture the docs were placed on the Dcla- 
hanty table a* rrudifi'd \r. L~'-ex and Lundy A 2.5 per cent solution 
of procaine Lydrochlondc in do-'C-, of 3.3 to 6.S me. per kilociam of body 
weicht was tisr-d Injfction of anesthetic solution was done between the 
spines of the last thoracic and first lumbar, or between those of the fimf 
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be as complete as tliat observed with ether. The effect on gastric motoi 
acti'\it 3 '"Rs stiikinglj'’ similar to that of ether. Gastric tonus was greatb 
diminished and motility entirely abolislied. The average time requirec 
tor motor activity to return to normal in all observations was two houK 
and forty-five minutes. 

_ 7. Cyclopropane-Oxygen. Supplemental to a Basal Anesthetic of Aver- 
tin With Amvylene Hydrate . — Observations were made on four dogs. The 
effect of cyclopropane-oxygen on gastric tonus and motility was not al- 
tered when these agents Avere supplemental to a basal anesthetic of 
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by bleeding imdei’ pentothal sodium anesthesia and at necropsj' an at- 
tempt was made to determine whether the splanchnic or vagus neiwes 
had regenerated. It was found that the vagi had not regenerated. This 
is in accord with the work of Vanzant who, using the same technique for 
double vagotomy that was employed in this study, showed that there was 
no regeneration of the vagus nerves of the dog when examined two to 
three years after vagotomy. In one dog on which necropsy was per- 
formed eleven weeks after splanchnicectomy, no tissue replacement could 
be found between the severed ends of the nerves. In the remaining five 
dogs on which splanchnicectomy had been done, some fairly well-defined 
strands of replacement tissue were found at the site of the original 
denerrmtion. Necropsy was performed on these five dogs longer than 
five months after splanclmicectomy. In two dogs this tissue replacement 
was carefully resected and prepared for microscopic study. Nerve tissue 
was found in the entire course of the site of the original operation. 
Necropsy was performed on these two dogs eight months after splanch- 
nicectomj’^. This observation undoubtedly represented regeneration of 
these nerves. Host of the experiments carried out after splanehnicec- 
tomy were done within a period of eight weeks after denervation and 
many were done as soon as four and one-half weeks after deueiv’ation. 
It is believed that very little, if any, regeneration of these nerves had 
taken place by that time, especially in \dew of the fact that very exten- 
sive splanchnicectomy was performed. 

There was very little evidence to indicate that the decrease in gastric 
tonus and motility was dependent on the relative quantity of oxygen in 
the blood and tissues during anesthesia. It is true that with nitrous 
oxide-oxygen, in order to anesthetize the dog deeply enough to pemit 
satisfaetor}^ obseiwation, it was necessary to increase the concentration 
of nitrous oxide to the point of cyanosis. Just what effects were due to 
anoxia and what effects were due to the concentration of nitrous oxide 
in the blood is impossible to say. Cyclopropane-oxygen anesthesia de- 
pressed gastric motor activity much more than did ethylene-oxygen anes- 
thesia, even when some c^mnosis was produced with the latter agent. 

Apparently the depth is more important than the duration of anes- 
thesia in relation to the effects on gastric tonus and motility. Increasing 
the duration of ether anesthesia fivefold prolonged the depressing effect 
very little. This is in agreement with the work of Cannon and Murphy® 
on cats. These workers measured the gastric emptying lime by means 
of the roentgenoscopie method after etherization. They found that anes- 
thesia maintained for one-half hour prolonged gastric emptjing very 
nearly as long as wlien anesthesia was maintained triple that time. 

A rather striking individual susceptibility to the depressing effect on 
gastric tonus hud motility was exhibited by the dogs in this investigation. 
In some dogs tliere was a tendency for a quicker return of motor aetivitv 
no matter what ano.sthctic was employed; in othem a relatively greater 
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and second lumbar vcilobi'ao. TJie eriteria used to detennine a siiceess- 
fnl experiment were llie free as])iration of spinal fluid before and after 
tlie ijijection, complete paralysis of the hind legs, and the demonstration 
of a sensory loss at the upper tlioracie level. 

In four dogs there was a diminution of tlie amplitude of gastric con- 
tractions with no reduction in tonus. In three dogs, in addition to a 
diminution in the amplitude of contractions there was a moderate re- 
duction in tonus. Gastric tonus and motility returned to normal about 
the time the first movements of the hind legs were noted. 

B. Effects of Anesthetics on Gastric Tonus and Motility After 
Splanchnicectomy and Vagotomy. 

The effect of the anestlieties used in the -innervated group of animals 
was studied in four dogs on whicli bilateral splanchnicectomy and double 
vagotomy had been performed, in two dogs on which bilateral splanch- 
nicectomj'' only had been pei'formed, and in two dogs on which double 
vagotomy only had been pei'formed. In all three of these groups of 
denervated animals the effect of anesthetics on gastric tonus and motility 
was essentiallj' the same as observed in the innervated group of animals 
(representative tracings. Fig. 3c and d). 


COMMENT 


It can be seen that anesthetics had either a depressing effect on gastric 
tonus and motilitj" or no effect at all. The deci’ease in activitj" was, in 
a general way, directly proportional to the degree of anesthesia produced, 
regardless of the agent used. Anesthesia carried to plane 2 of the tliird 
stage b 3 ’' any of the inhalation anesthetics, whether employed alone, in 
combination with another inhalation anesthetic, or supplemental to a 
basal anesthetic of avertin -svith amylene hydrate, caused a marked re- 
duction in gastric tonus and complete cessation of motility. Since the 
effect of these anesthetics in the three groups of denervated animals was 
essentially the same as in the innervated group, it was concluded that 
the effect was primarily on the peripheral gastric motor mechanism and 
was not mediated through the splanchnic or vagus nerves. 

It is believed that the reduction in gastric tonus was not an expres- 
of decreased intra-abdominal pressure caused by loss of tone of the 
abdominal musculature. In many experiments, gastric tonus did not 
turn to normal for as long as several hours after the animal had 
' nletelv regained xrse of the skeletal muscles. 

^ imv be asked whether the e.xperimonts done after dener- 

Tke qties the vagus and .splanchnic nerves had 

vation were obseiwations of IJinsey and associates and those 

regenerated. i pmicelstein have served to emphasize the importance 
of HoUinshead an j.(.o-eneration in work on s^-mpalheefomizcd ani- 

of functional contro "aments in the pre.scnt investigation were 
mals. ‘When all e - 1 .jjtjon had been performed were killed 

finished; the dogs on wbicu 
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Premedication mth morphine and atropine definitely prolonged the 
depressing effect of ether, Pi'om a review of some of the experimental 
work relative to the action of morphine and ati’opine on gastric motor 
actmty, no general conclusion concerning the action of morphine on gas- 
tric tonus and motility can be made, although it is generally conceded 
that atropine causes a decrease in activity.®- This is 
in part understandable when consideration is given to the method of 
investigation and the species of animal investigated. When the action 
of moi-phine was studied in the dog by means of the balloon-recording 
method,®’ the results were fairly consistent. There was a marked de- 
crease in activity lasting for several horn’s. In the light of these obser- 
vations it would appear that the pi’olongation of the depressing effect of 
ether on gastric tonus and motility after premedication with morphine 
and atropine which was observed in the present study could be explained. 

When the action of morphine on man was studied, most of the avail- 
able evidence showed that the action of morphine on the walls of the 
stomach was predominantly motor.®’ “ There is undoubtedly a 
species difference. Veaeh, on the basis of his results in human subjects, 
recommended the use of morphine in the treatment of acute dilatation 
of the stomach. In view of the work of Schapiro and that of Van den 
Velden, which showed that gastric emptying in man ma}' be considerably 
prolonged by morphine, presumably by tonic contraction of the pylorus, 
the rationale of the use of morphine in tlie treatment of acute gastric 
dilatation is open to question. 

If the same situation obtains in man as was found in the dog, it may 
be seen that considerable gastric atony may follow deep general anes- 
thesia, presumably by a direct effect on the periplieral gastric motor 
mechanism. This should take on more significance if it is trae that the 
human gastric motor mechanism is depressed more by anesthesia than 
that of the dog’' and if the same individual susceptibility to anesthesia 
prevails in man as was observed in tlie dog. It may lie that, if block 
anesthesia of peripheral nerves were employed in conjunction with a 
lesser degiee of general anestliesia, tliere would be less postoperative 
gastric atony attriljutable to the anesthetic agents, 

Drag.stedt 's'® contention that the loss of gastric tonus in acute post- 
operative gastric dilatation is a result of the effect of operative trauma 
plus the effect of anesthesia may l)e true. It is reasonable to suppose 
that each of these factors would take on i-elativoly greater or less sig- 
nificance in a given ease, dependin'r on the degree of anesthesia and the 
nature and extent of the operative trauma. In this connection the work 
of Cannon and ilurphy® is of intere.st. These investigators, in studj-ing 
the conditions attending operation as possible causes of postoperative 
parai.vsis of the alimentary canal, measured the degree of discharge of 
food from the stomach of tlie eat by the roentgcnoscopic method. They 
found that etherization caused some delay in emptying. Etherization 
plus laparotomy, exposure of the gut to the air, and minimal cooling 
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time elapsed before toiuis and motility I'efiirned to normal after discon- 
tinuance of tlie anesthetic. This difference of reaction to anesthesia did 
not seem to be depende2it on the nutritional state, emotional make-up, 
age or Aveight of the animal, jior on the type of gastric contractions ob- 
served during the preanesthetic control period. 

We have no explanation for the decrease in gasti-ie inotor activity 
which Was observed during spinal anesthesia. Befoi’e this u’oi'k was 
undertakeJi, it AA'a,s thought that this method lA'ould cause an increase in 
activity similar to its reported effect on the small intestine. The expla- 
nation giA^en for the increase in activity in the small boAA'el during spinal 
anesthesia is that the inhibitory influence mediated through the splanch- 
nic nerves is abolished b.A" blocking conduction through these neiwes Avith 
procaine.^’ After observing a decrease in gastric actiAutA^ during 
the course of the first fcAv exjAeriments, Ave felt that the spinal anesthesia 
Avas not sufficiently liigh to iuA'oh'e the splajichjiic supply to the stomach. 
This idea AA’as given AA^eight by the work of Barron, Curtis, and Lauer. 
These ^Yorkers obserAmd a deerea.se in gastiie tonus and motility AA'ith the 
balloon-recording method in patients during herniorrhaphy under spinal 
anesthesia. They did not obseiwe any evidence of splanchnic paralysis 
and concluded that the gastric paresis AA'as due to reflex stimulation of 
the splanchnic neiwes during lire course of the operation. 

Accordingly, experiments Avere continued in AA'liich progressively 
greater amounts of procaine were employed until a definite sensory loss 
Avas demonstrated in the region of the upper thoracic level and in a feAv 
instances at the loAA^er cei'A'ical IcA-el. This proved to make no diffci'enoe 
hi the effects on gastr'ie tonus and motility; activity was depressed in all 
experiments. The excitement AAdiich ma.A' attend the performance of 
spinal anesthesia in some instances AAas ruled out as a possible cau.se for 
these results earlj' in the course of the experiments AA’hen the techniciue 
of spinal anesthesia on the clog aa-hs being learned, hlany unsuccessful 
attempts to insert the needle info the subarachnoid space did not affect 


gastric activity. 

The fact that the same decrease in gastric activity during spinal ane.s- 
thesia was obseiwed after sphuichnieeetomy led to a consideration of 
some other mechanism not dependent on the prc.scnce of the .splanchnic 
erves to account for this effect. The possibility that pi-ocainc circulat- 
^ throimh the blood stream might affect the pcriplieral gastric motor 
fUrectlv AA-as considered but the in.ieetion of large amounts 
mechams ‘j.^^jon of the spinal cord, but not in the suhaiaeliuoid 

’’T d". .0..- ,„.,1 ,.«•« )».- 

space, h pressure due to spinal anestliesia would have is not 

enng of th possibililv ihat ttie decrease in gastric activity 

knoAvn. fl'cie of sinnal anesthesia on the sriia/J bowel. 

might be dcpenccn -j^^mpee, tlmt handling of the small howel causes 
It has been shoAvn, o ■ ’ p.p^dir.,. (j,(. sjilaiiehnie m-rves are 

a decrease of ’ 

intact or not.^ 
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The effect of tliese anesthetics on gastric tomrs and motility was essen- 
tially the same after splanchnicectomy or vagotomy or both, as was 
observed in the iiuiervated animal. It was concluded that this effect 
was not mediated through the vagus or splanchnic nerves and was there- 
fore primarily on the peripheral gasti'ie motor mechanism. 

There was very little evidence to indicate that the decrease in gastric 
tonus and motility was dependent on the relative quantity of oxygen in 
the blood and tissues during anesthesia. 

A rather striking indimdual susceptibility to the depressing effect on 
gastric motor activity was exhibited by the dogs in this investigation. 
In some dogs there was a tendency for a quicker return of activity no 
matter what anesthetic was employed ; in others a relatively greater time 
elapsed before tonus and motility returned to noi-mal. 

Premedication with morphine and atropine definitely prolonged the 
depressing effect of ether. 

Apparently the depth is more important than the duration of anes- 
thesia in relation to the effects on gastric tonus and motility. Increasing 
the duration of ether anesthesia fivefold prolonged the depressing eft’eet 
vei’y little. 

No explanation is given for the decrease in gastric motor activity 
which was observed during spinal anesthesia. 

The possible role of anesthesia in acute gastric dilatation as observed 
clinically is discussed. 
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caused no more delay in gastric emptying than did ether alone. By far 
tiie most striking elfeets were seen after handling of the digestive organs. 
Even with the most gentle handling ivithin the peritoneal cavity or under 
warm salt solution no gastric peristalsis was seen and no food left the 
stomach for hours. 

If comparatively little gasti'ic atony were found to develop postopera- 
tively among patients who had had pentothal sodium, nitrous oxide- 
oxygen alone, or ethylene-oxygen alone, it might he argued, on the basis 
of the results of this investigation, that this was because these agents 
do not depress gastric motor activity to any great extent. While this 
might be true in part, it does not tell the whole story. By virtue of the 
scope of operation permitted under these agents, the operative trauma is 
different from the trauma in those procedures requiring complete mus- 
cular relaxation. Certainly the extent of trauma would be less in most 
cases. More experimental work is definitely needed to clarify the effects 
that various operative procedures per se have on gastric motor activity. 

There is probably some gastric atony after every operative procedure 
but the occurrence of the more advanced stages of acute dilatation of the 
stomach appears to be infrequent at the present time. Aside from any 
change in the etiologic factors in acute gastric dilatation, the lessened 
incidence of the condition would seem to be due in a large measure to 
better postoperative care. The aspiration of the collected fluid and gas 
from the stomach and more general application of the principle of con- 
tinuous gastric aspiration as advocated by Paine and Wangensteen, to- 
gether with the replacement of lost fluid and electrolytes, probably have 
had much to do with the lessened incidence of this grave postoperative 
complication. 

SUMMARY AND CONCLUSIONS 


In order to evaluate more properly the factor of anesthesia in acute 
(yastrie dilatation a comparative study was made of the effects of anes- 
dietics on gastric tonus and motility in the trained dog. Studies were 
made on animals in Avhich the extrinsic gastric nerves were present and 
after vagotomy and splanchnicectomy. Tlie apparatus used to record 
the motor activity of the stomach was the balloon-liromoform manomctci' 
apparatus The balloon was inserted into tJie stomach llirougJi a Mann- 
Bollman type of fistula. 

Tt was found that anestlietics had eitlicr a depressing effect on gastric 
A mntiUtv or no effect at all. The decrease in activity was in a 
tonus an ^ proportional to the degree of anesthesia produced, 

general va> Anesthesia carried to plane 2 of the third 

regardless o jphalation anesthetics, whetlier employed alone, in 

stage by any 0 jp],.,iajion anestlielie, or .suiiplcrncntal to a 

combination ‘vyi i nniylcne hydrate, caused a marked re- 

hasal anesthetic ol as o,„j,ietc cessation of motility. 

duction in gastric tonus an 



TRAUJIATIC RUPTURE OP THE PREGNANT UTERUS 
RESULTING PROM AN AUTOMOBILE ACCIDENT 

R. B. WooDHULL, M.D., Mixot, N. D. 

(From the Korthwest Clinic) 

I N THIS modern machine age, when more than thirty thousand per- 
sons annually meet their death in highwaj' accidents in the United 
States alone, it is surprising to discover that ti’aumatie rupture of the 
pregnant utenis from this cause has received practically no attention. 
Doubtless, many cases have not been reported in literature, but because 
of the rarity of this obstetrical calamity, and its numerous problems in 
diagnosis and treatment, the following case was thought to be of interest. 

The scope of this paper is limited to those cases of traumatic rupture 
of the pregnant uterus from external molence alone. No consideration 
has been paid to spontaneous rupture, rupture through cesarean section 
or myomectomy scars, or to those uteri which were ruptured as the result 
of operative attempts at delivery or abortion, or as the result of ob- 
structed labors. 

A very complete review of the literature was made by Jaroschka in 
1929,^ and a series of forty cases of traumatic uterine rupture pre\dously 
reported by Estor and Pueck were studied. To this series he added one 
case of his own from the Prague Clinic. 

DeLee- reported one case in 1904, of a patient who fell on the steps 
striking her abdomen, which resulted in a ruptured uterus and dead 
infant. This patient recovered following operation some sixty hours 
later. 

Orthnert reported another case in 1933, of a patient at term, who was 
struck across the abdomen by the beam of a trace attached to a team 
of horses. At operation one and one-lialf Jiours later a complete rupture 
of tlie uterus in the fundal portion was found, with twin boys lying 
free in the abdominal cavity. The edges of the laceration were sutured 
and she made an uneventful recoverj'. 

Anotlier case was added by Lazard and Kliman^ in 1936, of a 
primipara, eight months pregnant, who fell down steps striking her 
abdomen on the edge of tlie steps. Severe abdominal pain was noted 
for one hour, later the pain being referred to the shoulder. This was 
followed by moderate vaginal bleeding and ce.ssalion of fetal movements. 
On admission to the hospital the abdomen was markedly distended, but 
fetal pai-t.s were clearly palpable beneath the .skin. When the abdomen 
was opened the peritoneal cavity was found full of blood, with the fetus 
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TRAULIATIC RUPTURE OP THE PREGNANT UTERUS 
RESULTING PROM AN AUTOMOBILE ACCIDENT 


R. B. 'WooDHULt., M.D., SIiNOT, N. D. 

(From the Northwest Clinic) 

I N THIS modem machine age, when more than thirty thousand pei'- 
sons annually meet their death in highway accidents in the United 
States alone, it is surprising to discover that traumatic rupture of the 
pregnant uterus from this cause has received practically no attention. 
Doubtless, many eases have not been reported in literature, but because 
of the rarity of this obstetrical calamity, and its numerous problems in 
diagnosis and treatment, the following ease was thought to be of interest. 

The scope of this paper is limited to those eases of traumatic rupture 
of the pregnant uterus from external violence alone. No consideration 
has been paid to spontaneous rupture, rupture through cesarean section 
or myomectomy scars, or to those uteri which were ruptured as the resixlt 
of operative attempts at delivery or abortion, or as the result of ob- 
structed labors. 

A very complete remew of the literature was made by Jarosehka in 
1929,^ and a series of forty cases of traumatic uterine rupture prexdously 
reported by Estor and Pueck were studied. To this series he added one 
ease of his oum from the Prague Clinic. 

DeLee® reported one ease in 1904, of a patient wiio fell on the steps 
striking her abdomen, which resulted in a ruptured uterus and dead 
infant. This patient recovered following operation some sixty hoixrs 
later. 

Orthner’ reported another case in 1933, of a patient at term, wlio was 
struck across the abdomen by the beam of a trace attached to a team 
of hoi’ses. At operation one and one-half liours later a complete rupture 
of the uterus in the fundal portion was found, with twin boys lying 
free in the aijdominal cavity. The edges of the laceration were sutured 
and she made an uneventful recovery. 

Another case was added bj^ Lazard and Kliman* in 1936, of a 
primipara, eight months pregnant, who fell doum steps striking her 
abdomen on the edge of the steps. Severe abdominal pain was noted 
for one hour, later the pain being referred to the shoulder. This was 
followed by moderate vaginal bleeding and cessation of fetal movements. 
On admission to the hospital the abdomen was markedly distended, but 
fetal parts were clearly palpable beneath the skin. When the abdomen 
was opened the peritoneal cavity was found full of blood, with the fetus 
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Ijung in the intact anniiotic sac. Tlie placenta had been completely 
separated from the uterus through a large rent in the posterior uterine 
ivall. The uterus was firmly contracted. A supravaginal hysterectomy 
was done and the patient recovered. 

Snidow" reported a similar ease of multipara who had faUen dmvn a 
flight of stairs. The patient stated that there was no pain immediately 
after the fall, hut that one hour later she began ha^nng severe abdominal 
cramps and a slight amount of vaginal bleeding. Eight hours later there 
was a profuse vaginal hemorrhage followed bj’’ profound shock. At 
operation the abdomen was filled with blood with the fetus lying free in 
the abdominal cavity. There ivas a longitudinal tear in the midline 
posteriorlj’’ extending from the fundus of the uterus to the internal os. 
The placenta was adherent to the anterioi’ uterine wall. This patient 
also made an uneventful recovery after supravaginal hysterectomy. It 
was found in reviewing this patient’s past history that she had had a 
toxemia with her previous pregnancy, and a subsequent endometritis for 
several weeks after deliveiy. 

One further ease of ruptured uterus by indirect injuiy is given by 
Stapleton® from Ncav Delhi, India, of a Hindu primipara, aged 17 years, 
at full term, who had fallen ten feet from a first floor veranda. The 
patient fell on her right side, being only stunned for several minutes. 
She stayed in bed for the next few days, had several episodes of nausea 
and vomiting, and complained of pain over the right hip and loin. Five 
days later she was again up and about and able to take food. According 
to the patient, fetal movements were felt three to four days after the 
accident. There was a slight bloody vaginal discharge for four days 


prior to admission. At this time the relatives said they did not think 
the baby was still alive because the abdomen was getting smaller. Exam- 
ination showed a term pregnancy with the head in the left occipito- 


anterior position, at the pehnc brim. There were no fetal movements or 
heart tones. No abdommal distention or tenderness was elicited. Faginal 
examination presented a long, closed cervix. Medical induction was at- 
tempted with castor oil, quinine, and enemas. After two days there were 
still no labor pains and only a moderate bloody "show”; the temperature 
was normal. The following day a piece of membrane was seen iji the 
/it' and the head bones of a macerated fetus could be felt above 
os. At laparotomy a macerated fetus lying free among the 
• ^ was removed. The placenta was located low down in front 

mtestines ^ contracted uterus, the edges still attached to a large, 
of a sma > • ^5,0 fnndus. The uterus had retracted and 

gaping, tia ^ peritoneal cavity contained a .small 

involuted m ® jnit no signs of recent bleeding or general 

amount of uterine wall was hastily repaired and the 

peritonitis. The rpj,c patient later developed pleurisy and 

wound closed inth the abdominal wound and fecal fistula, 

pneumonia and the girl recovered. 

T This subseqnentlj c 
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Mrs. J. J. (54,G3-1) is a primipara, aged 20 years. She had the usual child- 
hood diseases without complications, and an appendectomy through a McBumey 
incision in 1939. Her menstrual periods had been quite irregular since their onset 
at the age of 13 years, recurring every three or four weeks, but with normal 
flow of four to five days. She had had no serious illnesses, pelvic infections, or 
curettages. The patient's last menstrual period was on Feb. 6, 1940, making her 
estimated date of confinement Nov. 13, 1940. Fetal heart tones were heard at her 
regular ante-partum visit in July and August, and the uterus had enlarged normally, 
corresponding to the term of pregnancy. On September 7, she was riding in the 
front seat of a car driven by her sister-in-law, when they were involved in a head-on 
collision. The patient was thrown out of the right door, landing on her back 
at the side of the road. The car fell across the dorsal surface of her thighs, which 
were flexed upon the abdomen. The patient was not unconscious and was able to 
pull herself back into the car after it was lifted free. She was then carried to a 
passing ear and brought immediately to the ho.spital. On admission she complained 
of severe upper abdominal pain “just as if everything was going to drop out.’’ 
The temperature was 99.4° F. ; pulse, 130; and respirations, 2S. The blood pressure 
was 90/70, with 67 per cent hemoglobin, and 3,780,000 red blood cells. The abdomen 
was tender but not rigid, with no distention. Tlie uterus was enlarged to the size 
of a seven months’ pregnancy and fetal parts were not easily felt. There was no 
vaginal bleeding and no fetal heart tones were heard, but the patient stated that 
slie felt fetal movements after her admission to the hospital. These were never 
detected by either the intern or the examining physician. A small laceration on the 
dorsal surface of the right thigh was dressed but no sutures were necessary. The 
patient was placed in Trendelenburg position and an ice bag applied to the abdomen. 
Intravenous fluid and a blood transfusion were given as quickly as possible. In 
two hours the blood pressure had risen to 112/84 and the pulse was 92. She still 
complained of abdominal pain but her general condition seemed improved. The 
possibility of uterine rupture was considered at this time, but in view of her rapid 
recovery on only supportive treatment, premature separation of the placenta with 
fetal death was thought to be a more likely diagnosis. There was still no external 
vaginal bleeding. Morphine was given for the abdominal pain. X-ray of the 
abdomen showed fractures involving the transverse processes of the five lumbar 
vertebrae on the right side, and fractures of the transverse processes of the fourth 
and fifth lumbar vertebrae on the left, A scout plate of the abdomen about ten 
daj-s following the accident showed one fetal skeleton of about six months gestation 
with overlapping of the skull bones. The temperature during the first two weeks of 
hospitalization ranged between 99.6° and 101° F. and the pulse from 78 to 122. 
The patient continued to complain of some upper abdominal pain which was momen- 
tarily relieved with narcotics. The appetite remained good and the bowel function 
regular. Three weeks following the accident, wlien I saw the patient for the first 
time, pchie examination revealed a long, firm, undilated ceia-ix. There was no vaginal 
discharge or bleeding. On bimanual examination the uterus was felt to be about 
the size of a four months pregnancy and separated from a larger mass posterior 
and to the right. On Oct, S, 1940, one month following the accident, a laparotomy 
was performed through a loner midline incision. The uterus and all pelvic organs 
were walled off by a fibrinous exudate. There were loops of bowel adherent to 
underlying pelvic structures. After these were separated the fetus was found Iving 
free in the pelvic cavity, and there nas a complete laceration of the uterus, extend- 
ing down the po.<.tcrior surface from the fundus to the cervix. The edges were 
ragged and widely separated, leaving a defect in the nail about S cm. in diameter. 
The placenta had been partially delivered through the laceration, but the cord was 
still firmly attached to the fetus. This tissue was e.vtremely friable and broke into 
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many pieces wlien an attempt was made to remove it from file pelvic sfrucfures. 
Several pieces wliicli iveie densely adherent to loops of hoivei and the pelvic wal! 
were left in situ. The fetus appeared well developed, about 40 cm. in length, but 
liad undergone considerable maceration. Tliere was no free fluid in the abdomen. 
It was found impossible to repair the rent in the uterine wall, consequently a supra- 
vaginal hysterectomy was done. The abdomen was closed in layers witliout drains. 
The postoperative course was complicated by a severe bronchopneumonia which was 
successfully treated wdth sulfapyridine. The patient was discliarged from the lios- 
pital on tlie seventeenth postoperative daj-, only to be readmitted Nov. 26, 1940, 
witli a partial intestinal obstruction. This was relieved with a Miller-Abbott tube. 
When last seen for her checkup e.vamination June 2, 1941, she stated that she had 
been feeling well. Her appetite was good and bowel habits regular. The abdominal 
wound was well healed. There had been no vaginal bleeding or discharge. Pelvic 
e.xamination showed the cervix to be clean and well suspended. The right ovary was 
palpable deep in the right fornix. The left fornix- was clear. Eectal examination 
was negative. 

Histologic study of the uterine muscle showed nothing abnormal except that the 
myometrium contained many highlj- dilated blood spaces. The muscle fibers were 
increased in diameter and somewhat tortuous from shortening. The endometrium 
was hypertrophied and densely infiltrated with small round cells. Buried in the 
endometrium were masses of necrotic placental villi. 

DISCUSSION 

It seems safe to assume tliat uterine rupture in this case occurred at 
the time of the accident due to the blow upon the abdomen. After the 
fetus and a portion of the placenta were extruded into tlie abdominal 
cavity, the uterus apiiarently clamped down very rapidly, allowing for 
only a minimal loss of blood. Fetal death must neee.s.snrily have taken 
place within several minutes following the accident. From tho stand- 
point of diagnosis, this patient did not exhibit the usual signs a.ssociated 
with rupture of the uterus, namely, evidence of intra-abdominal hemor- 
rhao’e shock, accumulation of blood under the diaphragm, abdominal 
ri<ridily, pain radiating to the shoulder, or vaginal bleeding. Tlie ab- 
sence of these signs masked the true gravity of her condition, and led to 
tlie early mistaken diagnosis. It was only after the inflammatory reac- 
tions' and toxic absorption were in evidence that operation seemed 

advi.sable. . 

Once the diagnosis of uterine rupture is made, the eonlrovcrsial (jiios- 
f whether to remove tlie uterus or to attempt a repair must he 
1 The parity of the patient and desire for future pregnancies 
considere . influence onr decision. If she is a primipara and is 

must necessa po.s.sibilit.v of uterine rupture with subsc- 

willing to ga .egej-vation of the organ by suturing the laceration 

quent pregnaiicie.s, i j„.ocedure 

as effectively as PO ■ liazardou.s than a rapid hystrroetomy, 

is more J5J5I is such a poor operatic risk. Certainly, 

especially when the l . j„fection and speeds the postopera- 

hvstereetomy le^ens ^(.^,,,.,.,{,,,3 ,,,,,1 the 

tive recovery. '' a® 
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myometrium so extremely friable, as in the case reported, satisfactory 
uterine repair is impossible and hysterectomy must be done. 

As has been mentioned by Ortlmer, traumatic lacerations of tlie uterus 
are due to a sudden increase in intra-abdominal pre.ssure, wliich is 
ti’ansmitted to the utenis. The pregnant uterus, lying as it does, un- 
protected by the bony pelvic framework, is most prone to rupture in the 
fundal portion. This is the weakest point in the last trimester of preg- 
nancy because of the vascularity of the uterine wall directly beneath 
the placenta. 

Uterine rupture is designated as complete or incomplete depending 
upon whether or not the visceral peritoneum is opened. A complete 
laceration extends through the entire thickness of the endometrium, 
myometrium, and peritoneum, maldng a direct communication through 
the vagina to the peritoneal cavity. This is far more serious than the 
incomplete type in which the peritoneum remains intact. However, the 
maternal death rate in all types of uterine rupture ranges between 60 
and 80 per cent, and reaches nearly 100 per cent for those eases not 
operated upon. 

The classical sign of rupture of the pregnant uterus following severe 
abdominal trauma is evidence of bleeding, either external vaginal or 
intra-abdominal. This is accompanied by severe abdominal pain with 
tenderness and rigidity, usually of the rebound type. Tliis denotes signs 
of peritoneal irritation from intra-abdominal hemorrhage. Very often 
a fluid level of blood in the peritoneal cavity may be outlined. If fetal 
parts are readily palpable directly beneath the .skin, the diagnosis of 
uterine rupture should be suspected. Thc.se signs will be found accom- 
panying those pointing to fetal death. In those cases exhibiting profuse 
external bleeding without signs of peritoneal reaction, accidental hemor- 
rhage or placenta praevia must be thought of in spite of a liistory of 
abdominal trauma. In earlier pregnancy where signs of intraperitoneal 
hemorrhage are present, ruptured ectopic pregnancy or nipture of a 
poorly developed uterine horn may be the cause. 

■\Yhen uterine rupture occurs in the lower uterine segment, bimanual 
palpation for the round ligaments may give some clue to the diagnosis. 
On tlie side of rupture the ligament will be absent, while the opposite 
ligament may be i cadily palpable. 

In spite of the satisfactory outcome of the case reported, the im- 
portance of early diagnosis and pronpU operative treatment cannot be 
overemi)hasized, if the maternal mortality is to be reduced. The first 
and foremost effort should be exerted toward the control of shock by 
iut ravenous fluids and blood transfusions. This is freciuontly a life- 
saving mea.sure until the patient's condition will warrant a laparotomy. 
Heroic efforts to control blood lo-ss by clamping of the uterine arteries 
]H‘r vagina has been attempted by .some men with sucee.ss, while prepara- 
tions for adetpiate surgerj- are in progress. 


620 


SURGERY 


SUJIMARY 

1. Attention is directed to the rarity of traumatic rupture of tlie 
pregnant uterus from automobile accidents. 

2. The salient points in the prompt diagnosis and treatment of this 
condition are briefly discussed. 
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EPISPADIAS WITH INCONTINENCE IN THE JEALE 
John E. Dees, M.D,, Durham, N. C. 

(From the Department of Surgery, Division of Urology, DuJce University Hospital 
and Medical School, Durham) 

E pispadias is fortunately, one of the rarest of congenital anomalies. 

Because of its rarity it is mentioned only casually in most urologic 
textbooks and in the past fifty years few articles dealing with this 
anomaly have appeared in the medical literature. However rare this 
condition may be from a statistical standpoint, to the individual so 
afflicted it is a tragedy, particularly if associated with urinary incon- 
tinence. The wet clothing and uriniferous odor resulting from this 
condition inevitably bring about social ostracism. This, together with 
the penile deformity, usually causes deep-seated psychic trauma. Most 
urologists see only a few such eases in a lifetime of practice. We must, 
therefore, rely in great part on both the successful -and unsuccessful 
experiences of others in treating this malady. 

Congenital epispadias is characterized by the abnormal location of 
the urethral opening on the dorsum of the penis. It may be situated 
anywhere froin the glans penis to the penopubic junction and, depend- 
ing on its location, epispadias may be classified as balanic, penile and 
complete, or penopubic. In contrast to hypospadias, the balanic type 
of epispadias is rarest, penile epispadias being slightly more common, 
and penopubic the commonest of the three. According to Hinman,^ 
hypospadias occurs about 150 times as often as epispadias. As hypo- 
qradias is seen about once in every 300 or 350 males the incidence of 
epispadias is about one in 45,000 to 50,000 males. Nove-Josserand,- 
in fifteen years of urological practice, saw four cases of epispadias and 
sixty eases of hypospadias. Since the opening of the Duke University 
Hospital, approximate^ 168,000 patients, both male and female, have 
been seen. Among the male patients in this group there have been 
seventy-one eases of hypospadias and five cases of epispadias. All five 
eases were of the penopubic type, three hamng complete urinary in- 
continence and two having urinar}’- control. 

Complete epispadias is often associated with ab.solute incontinence 
of urine, which is due to a congenital lack of fusion of the internal 
and e.xternal urethral .sphinetcns anteriorly. The sphincters and pros- 
tatie nretbra may ))e so patulous as to easily admit the index fiimer. 
The .sympliy.sis pul)is is eharaeteri.stically separated, there being a heavy 
fibrous band of tis.sue joining the separated halve.s. The pcni.s i.s of 
normal size or larger than normal and is drawn acutely upward to lie 
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against the abdominal wall. The prepuce is redundant on the ventnun 
of the penis and lacking on its dorsum. The corpus spongiosum is 
absent and the cori^ora cavernosa are not firmly attached to each other 
but may be easily separated. The glans i^enis exhibits a defect or 
groove along its dorsal surface which is continuous along the dorsum 
of the penis with a depression between the corpora cavernosa which 
is lined Avith mucous membrane, an embryologic remnant of the ure- 
thral floor. This trough is continuous proximally Avith an infundibulum 
or funnel-shaped opening AAdiich extends iiiAvard beneath the symphysis 
pubis to become continuous AAdth the prostatic urethra. The testicles 
are usually Avell descended and normal. The ejaculatoiy duets are 
patent and ejaculation may occur into the bladder. The poAver of 
erection is usuallj’- present but coitus and procreation are virtually 
impossible. The bladder itself is normally formed and innervated hut 
usually smaller than normal because of disuse. The internal A’csieal 
sphincter is Avidely dilated so that the interior of the bladder and 
prostatic urethra form a continuous pear-sliaped cavity. The adjacent 
skin of the abdomen, thighs, and scrotum is often excoriated and in- 
fected from continuous soaking Avith urine. 

The generally accepted embryologic explanation for the occurrence 
of epispadias and exstrophy of the bladder^’ “ is that there is a 
“cephalad disiflaeement of the eloacal membrane in an early stage 
of development before the genital tubercle has made jts appearance. 
The genital tubercle developing later arises beloAV the eloacal mem- 
brane so that Avhen the membrane is resorbcd tlie urogenital sinus 


opens on the dorsum of the penis rather than on the ventrum. If the 
displacement of the eloacal membrane extends on to the primitive 
abdominal Avail the result will be <*x.strop]i.v of the ))]addcr. If tlie 


displacement is of le.s.ser degree episj)adias alone re.sults.” 

Tavo factors in the treatment of epi.spadias with ineontinenee must 
be considered, namely, correct ion of the nrethi'al defect and cure of 
the urinary incontinence. The earlie.st .surgical oi)erntions for this 
condition A\wre directed toward the urethral defect, 'riiierseh.' in 1869, 
bv means of skin flaps taken from adjacent ti.ssnes of the ])enis. scro- 
tum and pubis, Avas able to con.struct a urethra extending to the end 
of the penis and by application of a mechanical device which eom- 
uewlv con.strueted urethra eouhl produce artificial urinary 
pressed 1 p„,ially successful due to the fre- 

^formation of urethral fistula.s. fantwell.^ in IS!).',, .lescribed his 
quent i * rnodified. remains the operation ol choice today for 

operation, aa ' • ife noted the case ivith Achicii the corjiora 

construction o i of ejiisjiadias. Tlilizing the skin 

caA'crUOsa conlf m floi-hum of the jieiiis he constructed a 
and mucous the retropubic infiimlibuliim to the tip 

continuous urethra sej.ar.ated ami the nculy con- 

of the ji^.placed to it.s proper position on the under surface 
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of the penis and held there hy reapproxiinatiug the corpora dorsal 
to it. This procedure succeeded in creating almost normal relationship 
between the corpora cavernosa and the urethra, its greatest drawback 
being that sloughing of the newly constructed urethra occasionally oc- 
curred because of inadequate blood supply. 

In 1918, Young® published his modification of the Cantwell operation 
which endeavored to avoid ischemia of the newly created urethra. The 
urethra ivas constructed from the skin of the dorsum of tlie penis, but 
left attached to one corpus eavernosum. After separating the corpora, 
the one to which the urethra was attached was rotated medially 180 
degrees so as to carry the urethra to the under surface of the penis 
with its vascular connections to the rotated corpus still intact. Suc- 
cessful urethral eonstructious have also been reported by Barney,^® 
Roekey,'^ and Cabot, utilizing skin flaps from the prepuce, supra- 
pubic region, or scrotum. 

The experiences of these surgeons clearly established two points. 
Diversion of the urine, either by perineal urethrostomy, or preferably, 
by suprapuliic cystostomy, is imperative for successful healing of the 
newly constructed urethra. If there is infection or excoriation of the 
.skin of the penis, adequate time for its healing must lie allowed after 
diversion of the urine before construction of the urethra is carried out. 
Secondly, the “splay” deformity of the penis must be corrected by 
resection of a portion of the dorsal skin and subcutaneous tissue and 
approximation by suture of the separated corpora. 

Practically all the above authors noticed some degree of improve- 
ment in urinary control following simple construction of the urethra, 
although no correction of the sphinctcrie defect had been attempted. 
Page” and Bullitt” each reported a case of complete cure of urinary 
incontinence after simple construction of the urethra by Cantwell’s 
technique. Some have stated that following construction of the urethra, 
if the sphincters arc not too widely dilated, routine “sphincter exercise” 
may be sufficient to establish some degree of urinary control. 

Duplay,” in 1880, recognized tliat the urinaiy incontinence in epi- 
spadias was due to a defect in the circular muscle fibers of the bladder 
neck. * He cur ed one case of incontinence and greatly improved a second 
by partial resection of the dilated bladder neck and apposition of the cut 
edges by suture. Boiffin,'® in 189.5, after dissections on an epispadiac 
cadaver, pointed out that the defect in the internal .sphincter was 
mainly in its anter ior portion, and that adequate muscle for urinary 
control was iiresent in these eases if it could be united. Tie stressed 
the importance of removing the anterior defective ])ortion of the 
sphincters rather than the posterior segment which contained the bulk 
of sphinctcrie muscle and reported one ca.se successfully cured of 
incontinence. 

<Tn female epispadias, ]»ricalion. with or w ithout torsion of the urethra, 
has been carried out with rather indifferent sueec.ss. although Gautier®' 
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reports cure of two cases by this technique. Muscles from other portions 
of the body have been transplanted and utilized for an artificial urethral 
sphincter by Deming/^ Thompson, and others. The gracilis, pyi’am- 
idalis, rectus abdominis, and gluteus muscles have all heen used for this 
purpose, a few cases of incontinence having been cured by each of these 
procedures. 

In 1906, Trendelenberg^® advocated excision of a broad, wedge- 
shaped portion of the anterior and lateral walls of the infundibulum 
from below, reuniting the defect with sutures. If incontinence per- 
sisted he operated again and excised more of the urethra and external 
sphincter. If the infundibulum were very large with some protrusion 
of the bladder wall through it, he divided the intersymphysial liga- 
ment and resected the roof and lateral walls of the prostatic urethra 
as well as a portion of the bladder neck, reapproximating these struc- 
tures with sutures. He stressed the importance of reuniting the sym- 
physis pubis with buried silver wire sutures and reported cures of in- 
continence in two cases. 

® In 1922, young“® described his double sphincter operation for the 
cure of epispadias with incontinence. The details of this operation 
are well known and consist of suprapubic cystotomy with excision of 
an appropriately large ■wedge-shaped piece of tissue from the" roof of 
the prostatic urethra and the anterior portion of the vesical orifice. 
The cut edges are reapproximated by means of continuous suture, so 
as to draw together and tighten the prostatic urethra and internal 
vesical sphincter. The intersymphysial band is not divided but the 
roof and a portion of the lateral walls of the infundibulum and the 


anterior portion of the external sphincter are excised from below. 
These raw edges are likewise reapproximated by continuous suture, 
thus tightening the external sphincter and bulb of the urethra. In 
1940 Dr. Young-^ reported thirteen eases of epispadias with inconti- 
nence on whom this operation had been performed with creation of 
complete urinary control in twelve eases and almost perfect control 
in the other. Muschat," in 3927, reported three cases of cpi.spadias 
with incontinence cured by Young’s operation. Other cures have been 
reported by Cecil, Lowsley and Kirwin,='' Hinman,' and others. 

Exstrophy of the bladder at the present time is u.stially treated by . 
transnlantation of the ureters into the sigmoid. Somc='- =« liave ad- 
+ 1 this as the procedure of choice in epi.spadias with incontinence. 
Othei^s have resorted to its u.sc only after pla.sfic operations on the 

vesical pf /]„, puke Hospital five jiafients with epi.spadias 

Since the op whom had complete urinary incontinence, 

have been see , . . refused operation. The other two patients 

One o£ these f e„ell.nt reM.lls even- 

wereoperatec n gooi.'-,;.— If. R. « J-t yrnr-old l>ey, ivii« 

CASE 1 1 Vn-icc, Get. 1.'., iKr,, mwpJninini: of v.rinury ir.ron- 

admitted on the Frolog>enl 
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tinence and defoimitj’ of t)ie penis since birth. The past iiealth liad been ex- 
cellent. There had been occasional excoriation and infection of the skin around 
the genitalia but nothing to suggest upper urinary tract infection; erections had 
been frequent. When the patient was at the age of two or three years, his 
physician had removed a portion of the prepuce without influencing the urinary 
incontinence. At the time of admittance he was in the seventh grade of school. 
He wore cotton pads to protect his clothes from the dribbling urine; although 
there was constant dribbling, on occasions the child would void a considerable 
amount, varying from 50 to 100 c.c. but immediately afterward urinary dribbling 
would continue. 

General physical examination n as negative except for a well compensated 
rheumatic heart disease. The penis presented a classical picture of complete 
epispadias with incontinence (fig, 1), measuring I cm, in length and being broad 
and thick. Urine constantly seeped from the retropubic infundibulum. Intra 
venous urograms and plain x ray showed a normal upper urinary tract and some 
separation of the symphysis pubis. 



Fls 1 (Case 1) — Epispadias njth incontinence, appearance of penis before and after 

operation. 


On Oct. 23, 1935, the bladder nas opened suprapubically and found to be large 
and atonic. The internal sphincter uas relaxed. Young's double sphincter opera- 
tion uns earned out in tuo stages, the rcpjiir of the internal vesical sphincter 
being done at this time and construction of the urethra carried out, Dee. 2, 1935. 
ConMilcscencc from both procedures uas uneicntful, the urethral repair healing 
per primam. The patient was discharged Jan. 25, 1936, loiding normally from 
the new urethral meatus without incontinence. On Sept, S, 1941, almost six xears 
after operation, the patient reported by letter that he uas doing heatw manual 
labor and that urinary control n ns perfect. 


D C Ernie 1C, ^ E- B., a 15 year old boj, uas admitted 

ou the Drolog, cal Service, March 11, J04I, complniniug of dcformitv uf the penis 

and constant drihblmg of urine since birth. No attempts at surgical correction 
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of the deformity had been made, noi had any apparatus oi dressing been used to 
collect the urine. The boy had never been to school and was shunned by other 
children. There was nothing in the past history to suggest upper urinary tract 
infection. Occasionally there had been fairly lirm eiectioir, but there uas no his- 
tory of ejaculation or orgasm. 

Examination disclosed a tall, shy, undernourished boy of fifteen. His clothing 
below the waist wms soaked with malodorous urine. Over the thrglis and loner 
abdomen were numerous furuncles. The penis showed complete epispadias wrth 
irrcontinence (Fig. 2) and the examiner's finger could easily be passed through 
the infundibulum into the bladder. The corpora cavernosa were easily separable 
along the proximal half of tire shaft of the penis, distal to which point they were 
firmly attached together. At the summit of the glarrs was a small dimple, through 
which, on srrbsequent investrgation, sounds could be passed rnto a false urethra 
along the under surface of the corpora. Thrs terminated blindly beneath the 



„ <)r _i-;T)ist).r(lta.s nith Incontinence; nppeiiance o[ penis before iind after 
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l.!0 c.C. tl bladder, a rela>:ei| internal tesieal 

cult to dclinentc. . but on partially tilling the bladder this regioa aai 

sphincter could c r bladder vnll appearing lonlintioiis uith the pro« 

completely wa‘ i.rominenl and both the utricle and left 

tatic urethra, ta'! ^ definite external urethral sphiiieter eould 


compreie... ..„run,ontnnum wn‘ prominen. „„„ ..on, 

tafic urethra, tn'! definite external urethral sphiiieter eould 

ejaculatorr- duct intrareiioiis urogr.ims ulioae.I a aorm'.l iipi'er 

be demonstrated. normal and tininfeeted. 

urinary tract, fbc ^ of Young's operat. 
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bladder was exposed by a generous midline incision, but prior to opening, its 
anterior and lateral nails, as nell as the anterior and lateral surfaces of the 
prostate, nere conipletelj freed bj blunt dissection donn to the triangular liga 
ment The puboprostatic ligament nas easilj' broken mth the dissecting Unger. 
The bladdei and prostatic uiethra were opened along the midline anteriorly down 
to the eiternal sphincter. Since the internal vesical sphincter could not be identified 
as such, a point via*; arbitrarih eho>-en halfiiav betiieen the v eruniontanuni and 
interureteric ridge for the new bladder neck. A tiiangiilar piece of bladder wall 
and prostate was then removed from each side of the midline (Fig. 3). The inci 
sions weie so placed that the base of each triangle was represented by the mid 
line incision through the bladder and prostate and the apices of the triangles lav 
about 8 mm apart at the level chosen for the internal vesical sphincter The 



tirelhn. n«<ctlon of trinnjnil ir of tui„V iiiombranou*? 

mutate ami a.IIacint bH<l<n cut oUaJl of Hoot 
l-lo-ur. ri-ulLs in vnu^ Internal Vnl, lacier nml mbu ,7 

cmr.«pnn,llnr tissue Is . vciwU frmi, left uretl.ra 

result- in to jnl ir un thr„. ti^nt mumil splilnctcr -eco Clo-ure 

to b* inlt ntbict tl i), Oro^s Section of tirostnt«» • s^titurc^ 

urethra hut of mo-t of lateral pro-tatic Fobe* bv ob?iqm inct-.ons 
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incisions through the prostatic tissue were made obliquely, preserving a strip of 
mucosa along the floor of the urethra^ 8 mm. in width, and the greatei' portion of 
the lateral lobes of the prostate. The prostatio urethra was then closed over a 
No. 8 French soft rubber catheter in two laj^ers, the first layer of sutures snugly 
approximating the structures, the second layer plicating the prostatic urethra and 
internal sphincter. The bladder was closed around a mushroom catheter with 
chromic catgut, the wound closed and drained routinely. The lateral walls and 
roof of the infundibulum as well as the anterior segment of the external sphincter 
were then excised from below according to Young’s technique. The mucosa and 
periurethral tissues were closed over the catheter with fine chromic catgut. 

Following removal of the suprapubic catheter on the seventeenth day, urinary 
control was rapidly established and by tlie thirty-eighth postoperative daj' was 
almost perfect. On this date the bladder was reopened and drained suprapubicnlly. 
A No. 16 sound was introduced into the false urethra and its tip forced through 
the mucosa covering the dorsal groove of the penis. A relatively short segment 
of urethra connecting the infundibulum with the proximal end of the false urethra 
was constructed from the mucous membrane of the dorsum of the penis. After 
the anastomosis was completed the proximal halves of the corpora were separated, 
the newly constructed urethra displaced ventral to them and held there by re- 
approximating the corpora with chromic catgut sutures. A longitudinal segment 
of skin and fibrous tissue was excised from the dorsum of the distal half of the 
penis and glans, the defect being closed with vertical mattress sutures of line 
silver wire. 

Convalescence was uneventful, the urethral construction healing per primnm 
without fistula. At the time of discharge, hlay 27, 1041, the patient was voiding 
with perfect urinary control during the day, but having slight incontinence at 
night while asleep. The operative incisions were completely healed. Five months 
later the patient could retain urine for more than four hours and had perfect con- 
trol during both daj’ and night except for very occasional enuresis. Erections 
had been frequent but intercourse or masturbation had not boon attempted. The 
urine was normal and the urethra easily accommodated a No. 16 French sound. 


COMMENT 


The embryologic vagary re.spojisibIe for tlie concomitant occurrence 
of epispadias and an essentially normally placed false urethra ofl'ers 
room for speculation. According to Bremer^ and Arey," the clmieal 
membrane originally extends from the tail lind to the future iimbilicJil 
cord. Normally, by the time the genital tubercle has appeared, the 
eloacal membrane has receded so as to cover only the caudal surface 
f the tubercle and the perineum forming the urogenital sinus wliich 
1° ter closes to form the urethra. Failure of rcce.ssion of the cloacal 
fvnrn the lower abdomen or ventral .surface of the genital 
in exstrophy of the bladder or in epispadias. In our 
tubercl j.o],able that there was a separation of the cloacal mem- 

case, It portions, one dorsal and one ventral to the crest of the 

brane into former rc.siilting in eiii.sjinflias and the latter form- 

genital tuber , . „f flip pendulous urethra. It is interesfing to 

ing the tormina p paveriiosa were firmly attached together along 
note that the traversed by the fal.'.e but normally located 

that segment to the false’ urethra they were considerably 

separated. 
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DISCUSSION 

There is, of course, no way of accurately estimating the percentage 
of cure of epispadias with incontinence plastic operation on the 
vesical sphincters and urethra. The operative result, naturally, will 
be governed by the operative technique employed, the surgeon him- 
self, the amount of sphineteric muscle available for approximation, 
wound infection, and a host of other factors. • As with many surgical 
procedures, operative failures are much less frequently reported than 
are successes. It seems significant, however, that in all reported groups 
of cases, almost without exception, the urinary incontinence was either 
completely cured or very greatly improAmd after partial resection and 
reapproximation of the vesical sphincters. If the outcome of operation 
is successful, these individuals are restored to a completely normal 
social state and to a practically normal physical condition. Coitus is 
usually quite satisfaetoi-y, moderate upward curvature of the penis 
being much less of a handicap than a corresponding degree of ventral 
chordee. Urinary infection, if present, presents no different thera- 
peutic problem than it does in a normal individual. The upper urinary 
tract has not been disturbed and the life expectancy of the individual 
should not differ from the average at his age. This is in distinct con- 
trast to the conditions obtaining after ureter center ostomy, where 
chronic renal infection is almost the rule. The great value of ureteral 
transplantation to the bowel is unquestioned in certain incurable con- 
ditions, such as exstrophy of the bladder, and' vesical carcinoma. In 
epispadias ^vith incontinence, however, where the abnormality is curable 
in a fairly high percentage of the cases, we feel that the advantages of 
plastic repair so far outweigh those of ureteroenterostomy that the latter 
should be reseiwed as a procedure of last resoi’t. 
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inciHioiiH tliroiifjli tho j>ro.sli,(ic tis.siic wore iimcle oljliyuely, preserving a strip of 
Jinicosii along (lie lloor of the iiretlira, S mm. in width, and the greater portion of 
(ho lateral lohe.s of the jiroslate. The pio.statio nrelhra wa.s then closed over a 
Iso. 8 I’reneh .soft rubber catheter in two layor.s, the first layer of .sutures snuglp 
approximating the structures, the .second layer plicating the prostatic urethra and 
internal sphincter. The bladder was closed around a mushroom catheter with 
chromic eatpit, the wound closed and drained routinely. The lateral walls and 
roof of the infundibulum ns well as the .'interior .segment of the external sphincter 
uero then excised from below according to Young's technique. The mucosa and 
periurethral tissues were closed over the catheter with tine chromic catgut. 

hollowing removal of the suprapubic catheter on the seventeenth day, urinary 
control was rapidly established and by the thirty-eighth postoperative day was 
almost perfect. On this date the bladder was reopened and drained suprapubically. 
A No. 10 sound was introduced into the false uiethra and its tip forced through 
the mucosa covering the dorsal groove of the penis. A relatively short segment 
of urethra connecting the infundibulum with the proximal end of the false urethra 
was constructed from tlie mucous membrane of the dorsum of the penis. After 
the anastomosis was completed tlie proximal halves of the corpora were separated, 
the newl}’ constructed uretlira displaced ventral to them and held there by re- 
approximating the corpora witli chromic catgut sutures. A longitudinal segment 
of .skin and fibrous tissue was excised from the dorsum of the distal half of the 
penis and glans, the defect being closed with vertical mattress sutures of tine 
silver wire. 

Convalescence was uneventful, the urethral construction healing per primam 
without fistula. At the time of discharge, ilay 27, 1941, the patient was voiding 
with perfect urinary control during the day, but having slight incontinence at 
night while asleep. The operative incisions were completely healed. Five months 
later the patient could retain urine for more than four hours and had perfect con- 
trol during both day and night e.xcept for very occasional enuresis. Erections 
had been frequent but intercourse or masturbation had not been attempted. The 
urine was normal and the urethra easily accommodated a No. 16 French sound. 


COMMENT 

t 

Tlie embiyologic vagary responsible for the eoneomitaat occurrence 
of epispadias and an essentially normally placed false uretlira offers 
room for speculation. According to Bremer^ and Arey,® the cloaeal 
membrane originally extends from the tail bud to the future umbilical 
cord Normally, by the time the genital tubercle has appeared, the 
cloaeal membrane has receded so as to cover only the caudal surface 
f the tubercle and the perineum forming the urogenital sinus ivhich 
1 ter closes to form the urethra. Failure of recession of the cloaeal 
rnhvane from the lower abdomen or ventral surface of the genital 
memo < pvstrouhy of the bladder or in epispadias. In our 

tubere e res^^ probable that there was a separation of the cloaeal mem- 
ease, it s „ T^ovtions one dorsal and one ventral to the crest of the 
brane int(i w termer resulting in epispadias and the latter form- 

genital tuberc , pendulous urethra. It is interesting to 

ing the ternuna p were firmlv attached together along 


the termma p ^^.^rernosa ivere firmly attached together along 
note that the corp t^oiroT-sprl hv the false but normally located 


that the corp ^j.cYersed by the false but normally located 

that segment ot tn urethra they ivere considerably 

urethra, whereas pro- 


separated. 



A NEW SKIN VARNISH FOR JL4INTAINING STERILITY 
OP THE OPERATIVE FIELD 


Arthur D. Ecker, JI.D,, Syracuse, N. Y. 

(From the Syracuse University College of Medicine, Department of Surgery) 


A lthough avoidable infections of operative wounds may be expected 
to take place as long as operations are performed, sui’geons will 
always strive to minimize them. The percentage of infections in clean 
surgical wouuds is still significant.* This paper is not concerned with 
bacteria which may be in the air, on contaminated instruments, or on 
the hands of the surgical personnel but only those on the skin of the 
operative field. 

It has been abundantly demonstrated that the tissues surrounding 
a wound cannot be completely sterilized by any methods now in use. 
Bacteria which remain deep in the sweat and sebaceous glands are 
washed out with perspiration and are readily swept into wounds by 
instruments or the hands of the surgeon.- Because of this danger, 
many surgeons protect the edges of tlie wound with skin towels through 
which, however, perspiration or other fluids )nay soak. Some surgeons 
apply antiseptics or bacteriostatic agents just before closing the wound. 
It is debatable what percentage of wound infections can properly be 
ascribed to contamination with organisms from the contiguous skin 
but proper provision should be made to minimize this risk. 

Rubber gloves® are worn almost universally now to protect the wound 
from bacteria on the siu-geon’s hands. Since it is just as impossible 
adequately to sterilize the human abdomen as it is to sterilize the 
human ]iand,‘ thei'e have been many attempts to isolate the operative 
field by means of imi^eiwious materials, such as silk dipped in celloidin,® 
rubber sheets, and various waxes.®’ ' None of these methods has come 
into general use. 

Accordingly, a preparation has been devised at my request by Mr. 
Carl Bauer, a research chcmi.st. This substance is a cellulose product 
which is dissolved in a mixture of ether and alcohol and is referred to 
as .skin varnish.® It is self-sterilizing and can be sprayed or painted 
on the .skin of the operative field forming an impervious coating which 
is insoluble to water but which, unlike collodion, can easily be redis- 
solved at the end of the operative procedure. This preparation is 
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when both iodine and varnish were used. Under these cireiunstanees, 
eleven of seventeen cases were completely sterile and there were never 
more than six colonies per watch glass. 

In the skin that was only cleansed there were four instances in which 
more than 100 colonies were present but in the other thirteen instances 
there were never more than ten colonies. When iodine alone was used 
there were two cases of the scA'enteen where two hundred colonies were 
foimd. However, when the varnish was used ndth or without iodine 
there were never more than ten colonies per watch glass. These obser- 
vations suggest that it is onlj' the occasional patient who has a significant 
number of organisms in the depths of the sweat and sebaceous glands 
of the abdominal wall. These patients may be especially likely to suffer 
from wound infection. 


CLINICAL RESULTS 

The varnish has been used in forty major operations since July 9, 
1940. There were seven laparotomies, sixteen laminectomies, and seven- 
teen craniotomies. The skin was usually prepared with soap and water, 
ether, alcohol, and iodine. In one ease the patient was sensitive to iodine 
and merthiolate was used as the antiseptic agent. The varnish was ap- 
plied udth a sterile sponge or udth an atomizer* so that a thin coating 
lay on the skin of the operative field. If wound towels were used in 
addition to the coating and were nibbed firml}' over the skin, the varnish 
was scraped off. Otlieruise, the coating was intact at the end of the 
procedure, when the varnish was removed with a mixture of alcohol and 
ether. 

In no case ivas there irritation of the skin or anj’- interference with 
healing of the wound. There were two cases of low-grade infection of 
the wound following removal of a gangrenous appendix, and one follow- 
ing an umbilical hernioplasty. There was one wound infection follotving 
hemilaminectomy in a man 73 yeai-s of age. The other thirty-six wounds 
liealed by primary intention. The percentage of infection in these cases 
is without significance because suitable controls were not available. 

Other possible uses of this product, perhaps combined with sulfona- 
mide drags, in the treatment of burns or chronic uleei-s of the skin, and 
in protecting the skin from noxious discharges and chemical agents 
sliould be investigated. It has been used witli encouraging results on a 
jwi-sistcnt bed sore. Because it can be redissolved so easily it may prove 
to be superior to collodion for many other uses. 


CONCLUSION 

A new skin varni.sh fills a theoretic need for preserving sterility of 
the .skin in the operative field. Its value has been confirmed by counts 
of bact eria on the human abdominal skin under conditions similar to 
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(• U’iniciilly inorl jiiid docs iiof react widi iodine or other eomiuon aiiti- 
seplies. I he soliife is noiiiiiilaiiunaWc, iiotitoxic, nonexplosive, lioii- 
iri'itnting, and does not interfere witJi Jjealing- of n'oiinds or with mak- 
ing an incision. Jt niereiy provides an inipernieaWe, pliable, trans- 
parent coating over the skin of the opei’ative field irhieli prevents or- 
ganisins in the skin excretions from being wiped into the wound. 

LABOKATORV RESULTS* 

Bacterial culture.s of the varnish hi both aerobic and anaerobic media 
revealed no growth of organisms. 

Seventeen male patients on the medical wards of the Syi'acuse Uni- 
versity Hospital were used in testing the preparation in the following 
manner (a modification of the method of Novak and Hall'). Sterile 
watch glasses containing a nutrient blood agar medium were strapped 
with the medium next to the uniirepared skin of the four abdominal 
quadrants and allowed to remain for fifteen minutes. These were then 
removed and incubated for twenty-four hours at 37° C. and the colonies 
of microorganisms identified and counted. Immediately following the 
removal of these watch glasses the entire abdomen was shaved, scrubbed 
for ten minutes with surgical soap, washed with 70 per cent alcohol 
(by weight) and ether. The two lower quadrants then received two 
applications of 1 per cent iodine, which was allowed to dry and then 
removed ivith 70 per cent alcohol. The two quadrants on the patient’s 
right side were then sprayed with the varnish, approximately 5 to 8 c.c. 
being used for each case. After the varnish dried, a matter of one or 
two minutes, the baeteriologic medium was applied to the skin of eacli 
of the four abdominal quadrants as previously described. A cradle 
containing four 40-watt electric light bulbs was placed over the abdo- 
men, the bed clothes were drawn over this and allowed to remain for 
forty-five minutes. Harked perspiration occurred in each case. The 
watch f^lasses were then removed, incubated, the bacteria identified, 
and the colonies counted. Thus, of the four abdominal quadrants all 
of which were cleansed with soap, alcohol, and ether, one quadrant was 
a control, one received only iodine, one only varnish, and one both 
mdine and varnish before being subjected to heat. 
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J were aboi.it the same number of organisms in eacli quadrant 
^ • nPdomen. The most common organisms were the Staphy- 

of any given diphtheroid bacilli. The abdominal quadrant that 

lococcus albus < exposed to heat contained an average of 

,v,s only “ Jeh ste. TI,o of Mine. v«™loh, or 

seventy-seven respectively, an avez'age of twonty.five, 

both resulted m u glass. Thus, the best results wei-e obtained 

three, or one co onj djrectjon of 
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A CONSIDERATION OF THERAPY IN STAPHYLOCOCCUS 

INFECTIONS 

R. H. Rigdox, ]M.D. *■ JIemphis, Texk., and Paul F. Stookey 
ICaxsas City, 5Io. 

S OjME of the most important faetoi’s in any consideration of therapj 
in staphylococcal infections are first, the variations in the bacteria; 
second, the influence of extrinsic factors on tire organism; and third, the 
dual nature of some staphylococci. Thei’e are some staphylococci that 
shorn many toxigenic actimties similar to those of the diphtheria bacilli 
and also, the invasive characteristics of certain streptococci. Each of 
these factors deserves consideration from a therapeutic standpoint. 

Reviews recently published discuss many of the characteristics of the 
.staphylococci. Among tiiese is one by BiaiF in which he revievfs the 
problem of the pathogenic staphylococci. In this he considers the toxin, 
the coagulase, and the fibrinolytic pi-operties of the staphylococcus. The 
differentiation of the pathogenic from the nonpathogenie staphylococci 
is discussed, and the classification of these organisms based upon the ag- 
glutinin and precipitin reactions. Blair' concludes that “the past 
several years have witnessed definite advances in knowledge of the 
staphylococci particular!}- with regard to their soluble toxic substances. 

. . . The exact x-elation of the toxins to the pathogenesis of staphylococcal 
infections demands further stud}-.’’ 

Chapman and his a.ssociates,“ in a iiaper entitled “The Differentiation 
of Pathogenic Staphylococci from Nonpathogenie Types, ’ ’ discuss in de- 
tail the various laboratory procedures used in the study of staph.vlocoeci, 
such as pigment production, hemolysis, coagulase, and the fermentation 
reactions. These investigators emphasize the difficulties that may arise 
in any study of staphylococci resulting from the development of variants 
in the cultures. They conclude that “the coagulase test is the most re- 
liable single test for the differentiation of pathogenic from nonpathogenie 
staphylococci. When used in conjunction with pigment and coagulase 
tests, hemolysis of rabbit blood agar permits simple estimation of the 
degree of pathogenicity of a .strain or variant.” In view of the simplic- 
ity of teehnitpie by which hemolysis may be studied on rabbit blood 
agar media as compared with the technique for the coagulase test it 
would appear that the former test would be of greater value in the 
separation of pathogenic from nonpathogenie staphylococci. 

Flanm,'' in 1938, while reviewing the entire problem of the staphylo- 
coccus, considered at length that of immunity. lie states that “in recent 
years the therapy of staphylococcus infections has been taken up with 

•From llie F.itliolo;,-iml In.'-lituto, I'nivorslty of Tonnr;r..;('r. 

KrrFlvftl for publication. Xov. 21, 1911. 
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SURGERY 


Ihoso of la])ai'otoiny. T]ic varnish docs not delay the oi)eration, irritate 
the skin, or interfere with wound healing. It will not be possible to 
judge the practical value of this prepai-ation in preventing postoperative 
infection until it is used in a large number of operations with suitable 
controls. It is in the ho])o that such investigations will be earned out 
in some of the larger surgical clinics that this preliminary report is 
presented. 
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ylococci. It is important to rcmemijcr, iiowevcr, that the red blood cells 
from different species are lysed at different rates by staphylococci. 
Gross® gives the order of susceptibility of the red blood cells from dif- 
ferent species to staphylococcus toxin as follows : rabbit, ox, sheep, goat, 
man, guinea pig, and horse. One of us (E. H. R.) has observed a 
similar order of suseeptibilitj’’ of red blood cells to staphjdocoecus toxin : 
rabbit, goat, cow, cat, pig, rat, dog, mouse, monkey, turtle, sheep, man, 
horse, chicken, and guinea pig. In view of these observations it is im- 
portant to know the ts^pe of red cell used in anj' blood agar media since 
the presence of a zone of hemolj'sis around staphylococcus colonies is 
considered to indicate a more virulent organism than a strain of staph- 
ylococcus that fails to produce hemolysis. 

Antitoxin may be one of the factors in blood agar media that accounts 
for the failure in the development of this hemolytic zone about the 
colonies of hemolj'tic staphylococci. Staphylococcus antitoxin added to 
blood agar media inhibits the hemolj’'sis produced b 3 ' hemoljdie staphj’lo- 
cocei growng on the surface of the same plates.® This in vitro demon- 
stration of the neutralization of the toxin b.v the antitoxin would sug- 
gest that a similar effect might occur in vivo. 

Hemolj'sis is only one of the destnietive processes resulting from 
staphylococcus toxin. De Christimas,^® in 1888, demonstrated the nec- 
rotizing action of this toxin on the skin of laboratorj' animals. More 
recentlj' pathologic changes in man have been attributed to staphylo- 
coccus toxin. Extensive necrosis of the mucosa in the lower ileimi and 
first portion of the colon has been observed in a child dj'ing with a staph- 
jdococcus septicemia. The primarj' infection in this case was in the 
middle ear and the organism was hemohffie. This intestinal lesion was 
attributed to staphjdocoecus toxin since a similar lesion was reproduced 
in the rabbit's colon bj' the intravenous injection of staphjdocoecus 
toxin." Tubular and glomerular lesions also have been observed in eases 
of staphj’loeoceal infection in man and similar lesions have been pro- 
duced with toxin in experimental animals.’-- " Fig. 1 illustrates the 
necrotizing process that maj- be a.ssoeiated u-ith the development of 
staphylococcal abscesses in the heart in cases of septicemia. Acute 
necrotizing ulcers in the skin have been attributed to the action of toxin 
liberated bj- the .staphjdoeoccus since a toxin producing organism was 
isolated from the lesions." Pathologic lesions resulting from staphy- 
lococci have been described in ca.ses of cavernous sinus thrombosis. The 
similarity of this lesion to that occurring in the small blood vessels of 
the rabbit’s oar following the intravenous injection of staphylococcus 
toxin was demonstiated bj- Stookey and Scarpellino.’® The coagulation 
of the tissue that may follow the local injection of staphylococcal toxin 
in experimental animals resembles the lesions that maj- occur in certain 
of the viscera following the intravenous injection of the same filtrate 
The degree of injury may be influenced by the type of cell and con- 
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gi enter eagerness and enthusiasm perhaps than ever before and results 
have been published b^' various workers which seem to justify the en- 
thusiasm with which tliey have been made knoum. The new feature of 
the methods which Jiave been brought into use is that staphylococcal 
toxin as a rule in llie form of toxoid, and serum, containing staphylococ- 
cal antitoxin, constitiite tlie new weapons in tlic therapeutic arsenal, the 
purpose of which is to produce an active or passive immunity against 
staphylococci and their products.” 

Rigdon,'* in 1937, reviewed the problems of staphylococcal immunity 
in botli man and experimeiital animals. Prom this paper there appears 
to be unquestionable evidence to indicate that staphylococcal antito.xin 
antibodies may play a very important role in the mechanism of the re- 
sistance of both man and experimental animals to staphylococcal infec- 
tions. Staphylococcal toxoid would appear to be the antigen of choice 
in the immunologic treatment of skin infections. Staphylococcal anti- 
toxin is of value in tlie treatment of certain acute eases of staphylococcal 
infections, esi^eciallj' those in which the clinical manifestations of tox- 
emia are greater than one would expect from the number of bacteria pres- 
ent in the blood stream. 


In a second review on staphsdocoecus to.xin Rigdon® points out that 
evidence from the literature indicates that the toxin produced by cer- 
tain staphylococci consists of a single toxic substance. There is insuf- 
ficient data, he thinlrs, to prove that the lysis of red cells, the necrosis of 
epithelial cells in the skin, the destruction of white blood cells in the cir- 
culating blood, and the development of renal necrosis folloiving an 
intravenous injection of staph 3 doeoecus toxin are the result of the action 
of four different toxic substances, each given off by the organism in the 
same preparation of filtrate. Rigdon considers that each of these 
pathologic lesions represents onty a variation in the effect of a single 
substance reacting upon different tissues. If this concept is correct, 
then the use of one antitoxin would suffice to neutralize all the different 
effects produced by staphylococcus toxin. Rigdon has demonstrated that 
each of the so-called “fractions” in staph 3 dococcus toxin was destroyed 
by the same agents. In these experiments the toxin was detoxified by 
several different methods and in each the hemolysin decreased at a rate 
m arable to the rate of destruction of the so-called “skin necrotizing 


^^Tht" frequency in which studies on staph 3 dococei are being published 
would indicate a growmg interest in the morbidity and the mortality of 
1 as osteomyelitis, skin infections, food poisonings, and 

such disec indicate the need for diligent investigation of the 

septicemia- and the therapy to combat it. 

staph 3 doc classification of slaph 3 dococci would be 

A simple teclui Therapy. Blood agar media ma3^ con- 

valuable in any .^.^..r'lfion of pathogenic and noiipathogenic siaph- 
tribute much m the scpai. 



RIGDOK -VXD STOOKEY: STAPHYLOCOCCUS INFECTIONS 


6S9 


organism is present tliai ^\ill neutralize tlic toxin liberated by the bac- 
teria. Exireriniental and clinical studies liavc been made to .study the 
effect of staphylococcus antitoxin on the lesions produced by diffei’cnt 
strains of staphylococci and staphylococcal toxin. This antitoxin 
when gi%'en to rabbits prevents the acute death that follows the intra- 
venous injection of staphylococcal toxin. The histologic reaction that 
occurs in the subcutaneous tissue of mice following the local injection of 
a toxin-producing strain of staphylococci is essentially the same as that 
which occurs when a nontoxin-produeing strain of staphylococci is in- 
jected subcutaneously if the animats are given staphylococcus antitoxin 
pi’eceding the injection of the bacteria.’® 

Staphylococcus antitoxin and the results of its clinical use in the treat- 
ment of staphylococcal infections appai*ently was satisfactory, for the 
Council on Pharmacy and Chemistry of the American Medical Associa- 
tion accepted it in August of 1940.-® The following two eases illustrate 
the use of staphylococcus antitoxin in the treatment of staphylococcal 
septicemia. 

Case 1. — A 4 year old -nhite female entered the hospital on July 20, 1939, with 
tesieular blehs oier her neek, face, and scalp The'e varied in size from 0.5 to 1.5 
cm. in diameter and nere 0.5 cm. in height. Thej Merc filled Mith a clear anibei 
colored serous fluid, cultures from these blebs shoMed a hemolytic Staph, aureus. A 
blood culture taken on the second daj of hospitalization nas also positive for a 
hemoljtio staph) lococeu«. It shoued both aureus and albus colonies. A third blood 
culture taken on tlie seientli day of hospitalization, hoc ever, Mas sterile after seven 
days of incubation. 

The temperature, pulse, and ie«piralions for the si\ days folIoMing admission are 
shoMn in Fig. 2. The child, on the fouith hospital day, Mas given 100,000 units of 
staphylococcal antitovin intramuscularly over a period of ten hours. An additional 
intramuscular injection of 20,000 units of antitovin Mas given on the fifth dav. The 
child was much improved on the sixth day. A small tiansfusion was given at this 
tune, the temperature was 101° F She continued to improve and was dismissed on 
the twenty fifth day of hospitalization. 

CaSsE 2 — E F. A 23 year old white female observed that her hreasts were sore 
following the nursing of her baby. When she entered the hospital the right breast 
was very tender and tlie upper outer quadrant was firm. She had a severe cdiill and 
a rise m temperature during the evening of her first day in the hospital. A blood 
culture taken at this time was positne for a liemolytie Staph albui. Ten grams 
of sulfanilamide were given to her on the second day of hospitalization. On the third 
day 50,000 units of 'taphylocoeeus antitoxin were given in SOO e.e. of a 10 per cent 
solution of ghnose. This amount of antitoxin was repeated twenty four hours 
later. 

The patient felt mm h better on the fourth day A blood . ulture taken at this time 
was sterile after seven d.ays of incubation A serum reaction occurred on the ninth 
day following the in)e<ti,m of the antitoxin. The pitient improveil and was dm 
cdmrged on the fifteenth day following hos[ji(a)ization. 

The close of .staiibyloeoecus antito.xiii always should be an amount .suf- 
ficient to tirodnee an excess of antitoxin in tlie eirenlating blood The 
niiniimnn dose should bo 100,000 units preferably given inlrtnenously. 


SURGERY 


centralion of llie toxin in ilie cells. Tlie union of the toxin with the cell 
api)ai'ent]y is rapid and irrcvci-sihlc. Jn all pathologic conditions in 
which the staphylococcus is the etiologic agent, toxin ina.v aeconnt for 
a considerable part of the clinical and pathological picture.” , 
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CHEMOTHERAPY 

There is the prohleiu of the effects produced, by staphylococci per se 
on. the tissues of the body in addition to the action of the toxin. Some 
cultures of staphylococci do not produce toxin in vitro, and furthermoi'e, 
should the toxin lie neutralized in vivo, the bacteria remain. The result 
of the many experiments on phagocytosis, opsonins, agglutinins, in- 
creased rate of removal of staphjdoeoeei from the blood stream of immune 
animals, and the “microbic tissue-affinity” have not solved the problem 
of the morbidity and mortality of staphylococcal infections. 

There was some expectation that the problem of the ti’eatment of 
staphylococcal infections would be solved following the introduction of 
sulfanilamide. There have been many observations, both experimental 
and clinical, discussing chemotherapy.^’"*^ Farrell,’*® in discussing these 
e.xperimental observations, saj’-s, “Only a broad hint as to therapeutic 
efbcieney is gained from these expei'imentai studies.” 

A knowledge of the action of sulfanilamide and its associated com- 
pounds on staphylococcal toxin is important since it has been estab- 
lished both experimentally and clinically that staphylococcal toxin is 
a factor to be considered in many of the staphylococcal infections. 
Carpenter and his associates”’ ■** found that the lethal action of staphy- 
lococcal toxin for mice was inhibited when the toxin was mixed with 
sulfanilamide preceding an intraperitoneal injection but Rigdon and 
Avery, in unpnljlished experiments, found that the hemolytic and the 
skin necrotizing action of staphylococcus toxin was not inhibited by 
either sulfanilamide or sulfapyridine. Rigdon and Freeman^** concluded 
from their studies that “the hemolytic, the skin necrotizing and the 
lethal factors in stapliyloeoecus toxin apparently are not affected by 
sulfapyridine. ’ ’ Baylis'*' observed that the addition of various dilutions 
of sulfanilamide, sulfapjwidine, and sulfathiazole to a dose of staphjdo- 
coccus toxin slightly enhances rather than neutralizes the lethal action 
of the toxin. Furthermore, he has shown that the dermonecrotic toxin, 
tile coagulase, and the enterotoxin are not neutralized by solutions of the 
sulfanilamide tested at 37.0° C. The experimental results of Baylis,*' 
and Rigdon and Freeman,*** would suggest that sulfanilamide and its 
derivatives effect staphylococci, probably by inhibiting the growth and 
the multiplication of the organism, thereby indirectly decreasing tlie 
production of toxin and not by directly neutralizing any of the toxic 
substances produced by the bacteria. 

The methyl and phenyl thiazole derivatives of sulfanilamide are mark- 
edly bacteriostatic for Staph, aureus.*^ In this connection, Rigdon and 
Freeman*** observed that sulfapyridine in extract broth has a bac- 
teriostatic effect upon staphylococci. In these experiments there was 
observed a considerable variation in the action of this drug upon the 
different strains of staphylococcus. Tlie strain most susceptible to the 
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In severe infeet ions with profound toxemia, 300,000 to 400,000 units of 
.‘intitoxin may he reduired. This foreign protein is rapidly eliminated 
from the body. It is usually absent from the blood in five to seven days. 
Parrish has demonstrated a .simjdc teelniifjnc for titrating the antitoxin 
(autiliemolysis) in tlic serum of patients.-'’ There is no method at this 
time by which Urn quantity of staphylococcal toxin in the blood may 
be determined. 



T+ has been suggested that staphylococcal antitoxin acts in the follow- 
“Thc toxin produced by the staphylococcus in vivo is neii- 
ing wa5s : component of the immune serum may act on 

tralizedby tlus^ . ,,, 

the staph> especially the liver and spleen. The anii- 

cytosed by cer . - ' Jcucocidin and 

toxin in .pi^onuclear leucocj-tc.s to phagoeytose the bac 

thus allow the poi> i tissue.”^ If staphylococcus antitoxin 

teria in either the J ° ,,gjp in^jirectly in phagocytosis, a process 
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in the treatment of pneumococcal infections. Long and Haviland'” in 
discussing the problem of pneumonia with reference to ehemo- and 
serotherapy say, “Patients who are severely ill should receive specific 
serum in addition to either sulfathiazole or sulfapyridiue. ” De and 
Basu,®® in 1938, first suggested that a combination of serum and a chemo- 
therapeutic agent may offer advantages in staphylococcal therapy. Ap- 
proximatelA' a year later an editorial in the Lancet-'’ suggested that 
“combined ehemo- and serotlierapy would seem to deserve an extended 
trial.” In August, 1940, a .second editoriaP" in the Lancet stated that 
in septicemia and bacteremia “antisera have gone out of fashion but the 
antitoxins to both Si(ij)li\jJococcns aureus and Streptococcus pyocjenes 
should be used in full doses along with chemotherapy in any fulminating 
septicemia due to these orgajiisms. The .sulfonamides liave their greatest 
sphere of usefulness in the prophyla.vis of .septicemia by localizing an 
infection already established in the tissues or by pi’eventing infection 
where there is a strong likelihood of its occurrence.” As recent as 
October, 1940, Farreir’® expressed the opinion that “a few unreported 
clinical trials of combined treatment with antitoxin and sulfapyridiue 
have been strikingly successful.” Expei-imental observations on mice 
support these clinical observations.''^' 

Goldberg and Bloomenthal,^® in April, 1941, reported a series of thirty- 
two cases of staphylococcal septicemia in which various types of therapy 
are used. These investigators conclude that “of tlie various types of 
therapy employed in any one series, staphylococcus antitoxin and sulia- 
pyridine gave the most direct evidence of favorably influencing the 
course of the disease. ‘ ’ The following case is one included in the paper 
by Goldberg and Bloomenthal and illustrates the use of ehemo- and 
serotherapy in the treatment of acute stapliylococcal septicemia. ** 

Ca^e Jleport (Xo. 30). — .V 10_%earolil male Iiad a small carbuncle on lus neck 
for one week prior to lus admi^^ion to tlic ho-pital on Feb. 12, 1919. His temperature 
aas 102 8° F. and tlio family nas told that tlic ferer seemed out of proportion to 
the size and appearance of the legion. That afternoon, under ethjlcnc ane'-thesia, 
I'rucial incisions acre made and frank pus na« e\acuated. Cultures of tins pus re 
\c'ded a Rtnph. auri-ui In the next tuelxc hours the patient had three chills and the 
tempernture rose to 104° F. The box was xery toxic; he xomited several times and 
uas irrational at intcrxals. His leucoexte count ua.s only 0,900, It xcas thought 
that he had a fulminating septicemia, probably st,aph_xloeocci. Blood xxas dnixx'n for 
culture and xigorou- treatment xxas instituted He xxas given 'SO gr. (2 Gm.) of 
sulfapxridine bx rectum exerx four hours. He rexeixed 250 c.c. of blood bx in 
direct transfusion, folloxx-ing xvlindi a total of 110,000 units of staiihx lococi us anti 
toxin xxas administered intraxenouslx. The antitoxin xxas diluted bx s.aline solution 
and It xxas gixen oxer a period of eight hours. Fifteen minims of adrenalin sqIu 
tion (lil.oOli; xxere given xxith this foreign serum spue Uie patient xxas allergic. 
His temiieraturc reached l(IG.O° F, that night It then dropped rapullx to normal 
and r emained there excejd for a slnjlit transient rise xxhicli occurred txxo daxs later. 

thabo*'"”'''''’"" -‘"d 3 1' srant.-d bx Goldberg .and Eloomcn- 
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ilclio?! oj .siill;ij).rridi)U' iv.'is ;i Jiou(oxie-i)t' 0 (liicin»' organism. ,In con- 
tiasl to this, tlic two .strains ol .slapliyiocorci most I’c.sistant to thi.s di'iig 
wei’e botli toxin-producing organisms. It will l)e neeessar.y to make sub- 
sequent studies to determine ■wiiether there is any correlation between 
the toxin i)roduction and the bacterio-static resistance of staphylocoeei 
to sulfapyridinc.'*® 

Ciiemotherapeutic agents now ai’c used almost routinely in the treat- 
ment of staphylococcal infections. The clinical results obtained with 
the different prepai'ations vazy. Sizlfathiazole, however, appears to be of 
greater value than sulfanilamide and sulfapj'ridine in the treatzzient of 
staphylocoeeal infections. An editoidal'"’ appeaz’ing in the Lancet in 
August, 1940, discussed tliis pz'oblem. It stated that “for staphylococcal 
septicemia the new sizlfathiazole (51 & B 760) is recomznended (12 to 
15 gT. daily). . . . JIuch has been expected of the sulphonamides and 
much has been attained, but many patients with staphjdococcal . . . 
septicemia still die despite the zzew ehemothez'apy azzd if progress is to 
be made our failures as well as our successes should be recorded.” 

The cliziical results following tlie use of sizlfathiazole frequently have 
been very good. Alya and Robei'ts”'' reported cures in six cases of 
staphylococcal infection in the urinary tract. Helmholz and Larson®’ 
found sizlfathiazole bactericidal for the slap]i 3 docoeci in the urinary 
ti’act. A concentration of 300 mg. per 100 c.c. zvas suggested for the 
treatment of urinaiy tract infections.®’ Stapliylococcal infections in the 
meninges also have been suecessfullj' treated with sizlfathiazole.®®' 

Sizlfathiazole has been applied locallj' in the treatment of certain 
staphylococcal infections. The preparations used have included sulfa- 
thiazole crj'stals, an aqueous suspension of sizlfathiazole used as an iv- 
rigant and also for saturating dressings, and szzlfathiazole suspended in 
eod-liver oil. The success of tlie local use of sizlfatliiazole, according to 


Spink and Paine,®'* is dependent in a great measizi'e upon maintaining 
a lesion fz’ee of purulent and necrotic material. According to these in- 
vestigators the clinical results obtained so faz' warrant further investiga- 
tion of this form of therapy. 


The opinion, as expressed by Spink and Paine following the loeal 
application of sizlfathiazole, apparently may also be made about all the 
lied results of the chemotherapeutic agents used in the treatment 
taphylococcal infections. The data at this time apparently are in- 
° • ,+ tn evaluate the efficiency of these chemotherapeutic agents; 
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however, 111 , £ iinfavorable results, it appeal's to us that their 

only a- lil“® liKennouu 

use should be continued. 


COMBINATION OF CIIE.MOTIIEK.VPV ANP .SEnOTI.KH.M-Y 

' ^ iwo therapeutic agents simultaneously may not he con- 
The use OI ini’ eombination, however, has been used 

sidered always advisable. 
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The mode of action of staphylococcal bacteriophage is not as obYions 
as that of staphylococcal antitoxin. Phage is neither a toxin nor an 
antitoxin.®^ Hmvever, Longacre has suggested that the evidence in- 
dicates that part of its therapeutic action ma5^ depend upon its antigenic 
properties.®” 

The mortality in cases of acute staphylococcal septicemia treated ^Yith 
phage is surprisinglj' low as shown by the folloiving data: seven cases 
treated with one death, a mortality rate of 14.2 per cent.®- Longacre,®” 
and Jern and Meleney®® report a mortality of 28.5 per cent in a group 
of tiventy-one eases and 73 per cent in a second group of fifteen cases. 
These authors emphasize, however, the greater potency of the phage 
used in the treatment of the former group. McNeal and Piisbee re- 
port®^ a mortality of 75 per cent in a group of 100 cases of staphylococcal 
septicemia treated by the intravenous injection of bacteriophage. 

There is some evidence to indicate that phage may increase the leu- 
cocytic response of experimental animals to the staphj'lococcus and 
probably increase phagocytosis. Until the mechanism of tlie action of 
staphylococcus bacteriophage is better understood and the clinical em- 
dence of its efficiency is unequivocal it appeal’s to us at this time that 
certain therapeutic agents other than phage may prove more efficacious 
in the treatment of staphylococcus septicemia. 

ST.VPHVLOCOCCUS TOXOID 

The treatment of recurrent staphylococcal infections of the skin is 
frequently a difficult problem. Since the staphylococcus may serve as 
an antigen it would seem that a person with a recurrent staphylococcal 
infection should have a higher immune titer than normal individuals. 
One must remember, however, that the production of immunitj’ is not 
dependent on the antigen alone but also on the reactivity of the host. 

Experimental and clinical observations have been made with both 
viable and heat-killed staphylococci.®®'*” There is a diversity of opinion 
as to the clinical value of vaccines in the treatment of staphylococcal 
infections. Klotz and Holman'® state that the use of vaccines with 
killed staphylococci has a long and variable history of great successes 
and failures. 

Burnet,'’ in 1929, was the first to prepare a staphylococcal antigen 
by detoxifying a staphylococcal filtrate with formaldehyde. This and 
similarly treated preparations have been studied extensively both e.x- 
perimentally and elinieally.’”'®® Tlic Council on Pharmacy and Chem- 
isti’}' accepted staphylococcus toxoid in 193r>.’® 

IVhitby," in 1934, treated a group of 100 jjalients who had localized 
.staphylococcal infectious with staphylococcal toxoid and found that it 
gives more consistent insults than any other antigen. He emiiliasizod 
the fact. ho\\e\ei, that ]iatien1s vary in their re.simiisc to slaplivlococcu.s 
toxoid. IVliitby,’*' in 1936, again reported ills results on a larger series 
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At this time Staph, aureus in pure culture was reported as grown from the blood. 
Soon after the antitoxin was given the vomiting stopped. This permitted the oral ad- 
ministration of (iO gr. (4 Gin.) of sulfapyridine in divided doses to be given daily 
for the next two days. It was then stopped because of the rapidly improving gen- 
eral condition. The blood sulfapyridine level was 5.1 mg. per 100 c.c. three days 
following hospitalization. An urticaria developed on the seventh day and remained 
until the eleventh day. A daughter furuncle occurred in the neck and was drained; 
with these exceptions the patient's convalescence was uneventful. 



Pig. 3, 


rpvip Pffect of a combination of sulfapj-ridine and staphylococcus antitoxin 
on a cinld ten years of age with a Staphi/lococcns aureus septicemia 


B.A.CTERIOP1IAGE 

This form of therapy has been advocated for the treatment of a 
' •• t ' of bacterial infections. Staphjdoeoccal infections arc included in 

vane j ‘mwe have been many cases of dermitis, furunculosis, and 
the ponp. eonsidering the efficiency of this 

septicen 1 ‘ ^ Longacre^ says, "the evidence is equivocal aud in 

form of t e . m baeteriopliage treatment in those le.sions 

many instances^ specific therapy.” The jiotcney 

has no advantage investigatoi-s think that this factor alone 
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lococci that are susceptible to these drags. Certain experimental ob- 
serrations indicate that none of tiiese drugs, however, have any effect 
upon the toxins produced by some strains of staphyloeocei. Sulfa- 
nilamide, sulfapyridine, and sulfathiazole have little if any therapeutic 
value in the treatment of staphylococcal infections. The newer chemo- 
therapeutic agents have been used for an insufficient period to satis- 
factorily evaluate them from a therapeutic standpoint. 

It would seem that a combination of staphylococcal antitoxin and 
either sulfapvu’idine or sulfathiazole is the most satisfaetom- form of 
therapj', especially for those cases of severe staphylococcal infections in 
which the patient presents signs of a toxemia. This combination is roost 
important if the staphylococcus is hemolytic. The antitoxin will neu- 
tralize any toxin that has not united with the tissue cells. As far as we 
know, neither antitoxin nor any chemotherapeutic agents null have any 
effect on the tissues injured by both the bacteria and the toxin pre'vious 
to the administration of the drugs. The sulfanilamide derivatives may 
act directly or indirectly on the bacteria and thereby diminish the forma- 
tion of toxin. The need for continuing the use of antitoxin will be de- 
termined by the individual case. The maximum effects from the anti- 
toxin when used in combination rrith a chemotherapeutic agent u-ill oc- 
cur within the first few days of the disease. 

Chemotherapy and serotherapy in staphylococcal infections cannot re- 
place surgery. To drain a localized lesion is to eliminate a potential 
focus for the formation of toxin and the point from which bacteria may 
enter the circulating blood. Supportive measures are always indicated, 
such as transfusions for the anemia. The albumin-globulin ration in the 
blood should be retained, as should the sugar and the chloride levels. 
From the immunologic standpoint one must always remember that active 
immunity to staphylococcal infeetioim develops slowly and the period 
of its efficiency is not knomi. On the other hand, passive immunity 
manifests its action immediately and its effect persists for only a few 
days. 

COXCLUSIOX 

One im{)ortant way in which staphylococci may effect tlie host is 
through the effect of its toxin on the parenchymatous tissues. The exo- 
toxin ]n-oduccd by the staphylococcus may be neutralized bj' specific 
antitoxin. It is ncces-sary to give the antitoxin before the toxin becomes 
fi.xed to the tissues. Toxin apparently is pre.sont in over 90 per cent of 
the cases of staphylococcal septicemia. It is capable of producing death 
or it may bo only of secondary importance in the pathologic proce.sses. 

The action of the clicmotlierapeutic agents apparently depends upon 
their inhibitory influence on bacterial gronih. They do not neutralize 
staphylococcal to.xin. It is diflicult to accurately determine at this time 
their clinical efliciency. 
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of pntienls treated willi toxoid and eondudes at this time that “Sfaphy- 
loeoccal toxoid injected intraimiscnlaidy is a safe antigen giving rise to 
a relatively small number of minor reactions. Staphylococcal toxoid 
gives a good clinical result in a high proportion of cases of recurrent 
and resistant furunculosis, and is useful in the treatment of styes and 
carbuncles. It is not effective in pustular acne and sycosis with the dose 
employed in this scries.” 


DISCUSSION 


It appears at the present time that any rational approach to the prob- 
lem of therapy in staphylococcal infections is difficult. This no doubt 
results from the wide variation in the action of different strains of 
staphylococci and also in our inability to satisfactorily classify them 
as of the pathogenic and the nonpathogenic strains. The coagulase test 
may be the most satisfactory method at present for the separation of the 
pathogenic and nonpathogenic organisms; however, the division into 
hemolytic and nonhemolytic strains is very important. The rapidity 
in which the latter division can be made is valuable from a clinical stand- 
point. The hemolysis as observed on blood agar media in which rabbit 
red cells are used oceuis earlier and forms a larger zone than with any 
other known type of blood agar medium. 

Staphylococcus antitoxin that neutralizes the hemolytic factor in 
staphylococcus toxin also will neutralize the so-called skin necrotizing 
factor, the nephrotoxin, and the acute killing factors. 

The role that staphylococcus toxin may pla}' in certain staphylococcal 
infections has been discussed. Antitoxin apparentlj" is the onlj"- ther- 
apeutic agent that will neutralize the toxin and thus eliminate its action 
upon the tissues. Antitoxin is indicated in tliose cases in which there are 
the clinical manifestations of a toxemia. It is of questionable value, 
however, in cases of localized staphylococcal infection such as chronic 
osteomyelitis and carbuncles. It is not indicated in eases of i-eeurrent 
furunculosis. The antitoxin should be given early in the disease and in 
laro-e quantities. The dose should be an amount sufficient to produce an 
excess of antitoxin in the circulating blood. The minimum dose should 
be 100 000 units preferably given intravenously. In scN'ere infections 
with profound toxemia 300,000 to 400,000 units of antitoxin may be rc- 
• d This foreign protein is rapidly eliminated from the body and is 
^^"laUv absent from the blood in five to seven days. Paia-ish ’s technique 
be used to demonstrate antitoxin in the blood.=“ The appearance 
T^^tnral or spontaneous antitoxin in the blood in the absence of ir- 
fepalable damage to important vi-seera is in our opinion a favorable 


. 4- «,dfanilamide derivatives are baclcriostatic and in the 

Certam of tli increase in phagocytosis in vitro has been 

presence of sultan . meager as to the strains of staphy- 
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A combination of ciiemotherapy and serotherapy may offer the best 
results in the treatment of staphylococcal septicemia. The efficiency 
of any foi’m of treatment, of course, is in direct ratio to the duration of 
the infection, the toxin ])rodneing ability of the organism, and the re- 
sistance of the host. The earlier any treatment is begun the better will 
be the therai)eutic response. 

Ciiemotherapy and serotherapy are only adjuncts to surgery. Thej^ 
should not be considered as agents to replace it in the treatment of lo- 
calized staphylococcal infections. 
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Editorial 


The Delayed Classification of Bums 


^ERTAIN techniques of medical thought, originally contributions of 
value, may, although they have outlived their usefulness, become 
so ingrained in the literature that they remain to becloud rather than 
illuminate the subject. In this class may be placed, perhaps, the com- 
monly accepted American classification of burns into three ' ‘ degree.?. ” 
Within obvious limits, the surface ai’ea governs the mortality of a 
I)urn and the depth, the morbidity. The purpose of measurement of 
extent is to afford prognostic data as to survival ; the purpose of meas- 
urement of depth, that is, “degree,” is to afford prognostic data as to 
file time of healing and the necessity for skin grafting. Tlie only use- 
ful classification of depth would be one to give that information. 

“First degree” and “second degree” burns, of course, present no 
problem of depth. There is no marked loss of tissue and, hence, little 
epitiielial growtli is initiated. Even the severest of them needs onl.v 
tlie replacement of incompletely destroyed surface epithelium. If in- 
fection is excluded and the burned area is not large enough to cause 
deatli, sncli burns are ahva.vs well ivithin a few days. 

If we examine, however, the severest degree permitted by the tradi- 
tional classification we find a different state of affairs. By definition, 
a “third degree” burn means a burn that is deep enough to entail 
loss of substance, hut it docs not define the depth of loss. And in that 
deficiency resides its lack of usefulness as a description of prognostic 
significance. 


To appreciate the truth of this statement, one need only consider 
the jirocesses of healing at varion.s dopllis of burning. If destruction 
includes the entire dermis, then epilhelization must proceed from the 
edges only ; if it includes only a part of the skin depth, then healing will 
occur throughout tlie burned area from lbou.sands of minute epithelial 
clouK'iit.s. the remaining fragments of papillae, hair follicles, and glands. 
In the lortncr instance spontaneous healing accompanied I)y scar con- 
tracture i.s a matter of montlus, if it ever occur.?, and even a relativel.v 
satisfactory result depends U]iou skin graftins. In the latter instance, 
however, if inteetioji and clieniica! uhiisc ;tro avoided, one cannot pre- 
vent lieaiing, a pi-oee.ss usually complete within three weeks and accom- 
panied by no contracture of .scar. And yet these two divcr.se pictures 
are inehided under a .single classification. 

Tlie nsison for Die tenacity of a i>oor term i.s not too hard to under- 
stand. iu; dejitli of a i„in] in relation to full or partial Diickne.s,s of 
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tlie general acceptance of Dupuyti-en’s classification would adequately 
fulfill the purpose of the present proposal. 

The observers who are stvidying burns during the present acute 
interest in them, are, of coui’se, well aware of the importance of the 
critical level between Groups II and III. The majority of readers of the 
ever-growing literature may not be thinking in these terms. To them 
aU "third degree” burns may be the same and may offer the same 
problems and the same prognosis; this fogginess of thought ndll^ 
continue as long as the authorities continue to present two distinct 
conditions under one heading. It may be that the present lack of 
unanimity of opinion on the proper local therapy for burned surfaces 
has arisen because of the failure to discriminate between degrees within 
the "third degree.” Certainlj’’ the literature is full of photographs of 
so-called response to specific types of therapy in individual bums that 
would obviously heal promptlj’’ under any nondestructive regime. A 
recent striking moving picture of a theoreticallj' sound method of ther- 
apy shows just such a burn. Tlie less experienced might believe that 
all "third degree” burns will heal in a manner equally dramatic and 
prompt. 

If a more rational classification yields dependable evidence in guiding 
local therapy, the gain will outweigh the disadvantage entailed by de- 
layed classification in the individual case. There is no point in attempt- 
ing to measure the depth of a burn befoi’e it is possible to do so. 

— Edv'hi P. Lehman, M.B. 

Charlottesville, Va. 
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Hie skin cannot be judged on inspection ndien first seen. TJie iiistory 
may allow a gness as lo probabilities. The liigb-temperaturc, short- 
duration burn (for example, from a gasoline explo.sion without ignition 
of the clothing) is more apt to be superficial than the low-temperature, 
long-duration hum (for example, the scald from more than momentary 
immersion in water close to 100° C.), jmt on superficial inspection the 
appearances of the two may not differ. Even Avere a biopsy pei'missi- 
ble, it might not yield the desired information since the deep limits of 
many burns cross and reeross the critical level, leaAung islands of pre- 
served gland epithelium scattered throughout an expanse of complete 
thickness destruction. In other words, the diagnosis of the one thing 
important in prognosis as to morbidity is impossible at the time many 
burj3s are first seen. Only examination after sloughing has occurred 
will furnish the desired information. Wliat is needed in classifying 
burns is the general recognition of this fact. 

A classification may be suggested in which this limitation is accepted. 
A simplification of Dupuytren’s classification is proposed, dividing all 
burns into three groups, lAdiich avuH be separately defined and discussed 
beloAv. In order to make a sharp departure from traditional thought, 
the use of the word “group” is suggested rather than “degree.” The 
classification is based almost entii*ely upon the therapeutic problems 
involved. 


The proposed classification is as follows : 

Group I. This is the most superficial tj^pe of burn and includes all 
burns noAV classified as “first and second degree.” The reason for com- 
bining the two under one head is that t]}ere is little difference in treat- 
ment and none in prognosis. In many instances the diagnosis of a 
Group I burn can be made on first inspection. 


Group II. All burns involving loss of substance in Avhich the Joss 
nowhere includes the full thickness of the skin. This group requires 
protection from damage and contamination, takes somewhat longer to 
heal than Group I, but does not require skin gi-afting for a satisfactory 
result. It cannot be diagnosed until after sloughing has occurred. 


Group III. This burn includes the full thielniess of the skin and any 
structures beneath. It requires skin grafting for a satisfactozy resull. 
It also cannot be diagnosed until removal of the slough. Many, zf not 
most of Group III burns will present peripheral or eenti-al areas of 
p ’ I and Group II destruction. This latter fact is of no practical 
sio-nificance since these areas will declare themselves before skin grafting 

can be undertaken. , , . , - 

n TTI corresponds to the fourth and higher degrees of Dupuy- 
™ ^lissifieation It is intei-esting that the value of Dupuytren .s 
trens ela^ificatio^^^^ recognized in American thought. Perhaps im- 
grouping has jj^^ediate prognosis is the e.xpianation. Cez-tainly 

patience to onei <ii 
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out that ivhile such lesions occur also in various conditions other than 
hj'’perthyroidism, they 'were encountered so consistently in their series 
of autopsies (in all but 9 of the 107 cases, or 91 per cent) that it was 
felt impossible to ignore them as a characteristic feature of the disease. 
In five of their cases the lesions were so pronounced as to be com- 
parable to those found in nioderatel 3 ' severe acute jmllow atrojilij^ 
Raab and Terplaiv” and Kerr and Rusk'"’ also reported finding de- 
generative liver lesions in hj'perthjwoidism similar to those found in 
acute yellow atrophj’. 

Two types of chronic lesions, also, were described by Beaver and 
Pemberton. The first and most important of these was a condition 
which the 5 '^ designated “chronic atrophj’,” the term referring to the 
loss of weight of the liver.*' This change was found in 66.55 per cent 
of the livers examined. It was frequenth^ associated with the acute 
degenerative changes described above, and at times with some degree 
of cirrhosis. In manj’’ instances when the acute degenerative lesions 
were not pi’esent, no histologic change was found in these atrophic 
livers. In some instances, however, the liver cells were small and at 
times there was some increase in the connective tissue, tvhich in certain 
eases was limited to the hepatic tissue near Glisson ’s capsule. 

The second chronic lesion described bj' these authors was cirrhosis, 
present in about 60 per cent of their series, and apparentlj" a late stage 
of the acute and atrophic changes described above. The microscopic 
changes found in association with the cin'hosis they considered similar 
to the “chronic parenehjmiatous interlobular hepatitis” described by 
^Yeller.’=® 


'Weller, in 1933, studied foi’ty-eight autopsies performed on patients 
dying with exophthalmic goiter and contrasted the liver lesions with 
those found in an equal number of carefully selected autopsies on pa- 
tients dying from other causes. This author found various degenera- 
tive lesions in the livers of patients djdng of Graves’ disease, such as 
cloudy swelling, fatty infiltration, and pigment atrophy. These he 
considered might be due to the direct effect of thjmotoxicosis; but he 
pointed out, as did Beaver and Pemberton,” that this cannot be proved, 
since such lesions are frequently encountered also in autopsies on pa- 
tients dying from other causes. One type of lesion, however, he con- 
sidered specifically associated with Graves’ disease, and described as a 
“patchy, chronic, parenehj^matous, interlobular hepatitis,” involving 
the peripheral portion of the lobules to a moderate degree and showing 
more fibrosis and ljuuphatic infiltration than bile duct proliferation. 
He found chronic hepatitis in forty-two of the forty-eight autopsies on 
patients dying with Graves’ disease, while in the control series it -was 
found in but fifteen instances, being well marlted in only one. 


It is iiUorostingr that hypcrthyroidisni in animats nroduc 
tlvor; possibly tbe enC stape ot this would b? atrophy! 


hypertrophy ot the 
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tral necrosis of the liver lobules that he observed at times. Fatty 
changes occurred so frequently and were of such severity that this 
author felt they must be taken into account, although he pointed out, 
as have others before him, that they occur also in many conditions 
other than hyperthyroidism. In I'egard to cirrhosis, he found this 
lesion in 25 per cent of his autopsies on patients dying of hj^perthyroid- 
ism, while in a control series the incidence was only 4.7 per cent. 
Shaffer further noted that the occurrence of cirrhosis did not appear 
to depend on deficiencies of vitamins A and C. 

Lord and Andrus*® carried out vai-ious studies on 680 patients with 
liyperthyroidism who had been subjected to some type of operation on 
the thyroid gland during the previous eight jmars. Sixteen of these 
patients had died, eight of them in t 3 T)ical tlij'roid crisis. Six of the 
sixteen were autopsied and the pathologic changes found in the liver 
were said to resemble those described by Beaver and Pemberton.® 

In summarj^, numerous studies have been carried out on autopsy 
material from patients djnng of b 3 q>erthyroidism, and the frequent 
occuri’ence of liver changes, both acute and chronic, has been reported. 
The acute lesions varied from minor fatty changes to degeneration so 
severe that it was comparable to that foiuid in acute yellow atrophy. 
The chronic changes consisted of hepatitis, cirrhosis, and atrophy, and 
at times both acute and chronic lesions were found in the same liver. 

Two series of autopsy studies on hyperthyroid patients have been 
reported by Means,®* and Lewis,*® who did not find the liver lesions 
impressive. Means, in commenting on the liver changes reported by 
other authors, as described above, con.sidered that these lesions were 
probably a complication of thyrotoxicosis ratlier than an integral part 
of the disease. He believes it likety that the liver under conditions of 
hyperthyroidism is partieularty TOlnerable to various types of injmy, 
possiblj' due to its depletion of liver gtycogen or to other causes. 

CLINICAL EVIDENCE 

Jaundice . — In addition to post-mortem data pointing to liver damage 
in association with hjqierthj'roidism, we have clinical evidence in jaun- 
dice, which occurs as an occasional complication of this disease. 

Case reports of jaundice occurring in hyperthjn’oidism have for a 
long time appeared in the literature at infrequent intervals. In 1874, 
Habershon®® reported such a case in which the jaundiced patient was a 
young woman, 20 years of age, suffering from exophthalmic goiter 
complicated by rheumatic fever. At autopsy the pericardium was 
found to be acutely inflamed and covered with "shaggy membrane”; 
but there was no apparent liver lesion. Sutcliff and Durh,®® in 1898, 
reported "an extraordinarily aeute case of Graves’ disease” in which 
slight jaundice developed. The patient died three months after the 
fiist sj'mptoms; there was no autopsjL In 1906, Eder®* I’eported three 
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Cirrhosis of the liver in association with exophthalmic goiter has 
also been reported by Marine and Lenhart,=<> who state that this con- 
dition has been observed in a significant number of long-standing cases 
coming to autopsy. These authors noted that the connective tissue in- 
ciease varied from a slight thickening of the portal spaces to well- 
marked, fibrous bands, while the liver cells themselves usually showed 
some fatty changes. Goodpasture,-® in reporting autopsies on two pa- 
tients dying of exoplithalmie goiter, stated that the liver in one ease 
was definitely cirrhotic and in the other showed central congestion, 
moderate fatty changes, and numerous vacuolated nuclei. Widespread 
pathologic changes consisting of congestion, fatty infilti'ation and de- 
generation, necrosis, inflammation, and connective tissue proliferation 
were noted by Haban®® in the livers of patients dying of exophthalmic 
goiter. He considered that these lesions were caused by the toxic 
action of the disease and to denote their specific nature he proposed 
the term “cirrhosis basedoiveana,” or “hepar basedowanum.” 

Cameron and Karunaratne,^- in a study based on autopsies of 40 
cases of proved exophthalmic goiter, classified the liver changes in 4 
groups : first, passive venous congestion, of which there were 10 cases ; 
second, fatty changes with or without necrosis, of which there were 5 
eases; third, atrophy and nodular formation, likewise 5 cases; and, 
fourth, cirrhosis, 10 cases. In summary, they found that 2 out of 3 
cases showed liver changes independent of passive venous congestion 


and they considered it possible to distinguish between cases in which 
passive venous congestion resulting from cardiac failure was primarily 
responsible for the pathologic changes and those in which the changes 
occurred independentlj' of stasis, agreeing in this with Haban. Fatty 
changes occurred frequently and they attached little sigiiificance to 
this finding unless associated with definite necrosis, in Avhich event they 
regarded the condition as evidence of toxemia and probably the basis 
for the chronic findings that they described as atrophy and cirrhosis. 


Boyce and McFetridge,” found liver changes at autopsy in six cases 
where the patient had died in a thyroid crisis. The lesions were elas.si- 
fied as “fatty infiltration or degenerative changes ranging from mild 
h nUs to actual necrosis, cirrhotic changes, and acute yellow atrophy.” 

authors further stated that, “frequently the same liver revealed 
various degrees of all changes in different areas and as a rule there was 

n^risnificant decrease in weight. ” . . , . 

. V eprips of autopsies upon patients d.ving with hypcrtliyroidisni 
Another ^ Sliaffer®^ from the Cincinnati General Hospital. This 
was analyzed y • jej^ence of hepatic lesioms, more than one t.vjic of 
author found a ^ ^ majority of the livem c.vamined. The change 
lesion being presen i significance was a chronic inleisfitial 

that he considere ° cirrhosis. Tiiese lesions were not 

hepatitis, sometimes . congestion, ns was flie een- 

considered to be tne 
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Eosentlial modification of the piienoltetrachlorphthalein test, found that 
tivcnty-two of their forty-four hyperthyroid patients showed evidence 
of liver injury. The hroinsulfalein test, used by Maddock and associ- 
ates,''® indicated impaired liver function in eight of thirteen patients 
(or 61 per cent). 

Glucose, galactose, and levulose tolerance tests have also been used 
to provide an indication of liver function in the presence of hyperthy- 
roidism. Youmans and 'Warfield,"'® working ivith glucose, found that 
nearly all their cases showed some abnormality in the characteristic 
curve of the blood sugar concentration, but were unable to correlate 
these abnormalities with the indications of liver damage afforded by 
the ijhenoltetrachlorphthalein test. Althausen and Wever"* reported 
that the curve of galactose in the blood after oral administration was 
considerably elevated in patients with hyperthyroidism. They be- 
lieved this might be accounted for by impaired utilization of galactose 
by the liver, or possibly by accelerated intestinal absorption. Lieht- 
maid® also carried out galactose tolerance tests on thirteen patients 
with hyperthyroidism, in seven of Avhom he found a normal galactose 
excretion, while in sLx pathologic galactosurias ivere encountered. This 
author further noted a definite tendency for galactose tolerance to im- 
prove during the course of iodine therapjv Lemilose tolerance tests 
were used by Youmans and Warfield,'® ivho concluded that this method 
was definitely inferior to tlie phenoltetrachlorphthalein test in detect- 
ing impaired liver function. 

It is questionable how much significance should be attached to any 
of the A'arious sugar tolerance tests as pointing to specific injux-y to 
the liver in hyperthyroidism, for it must be borne in mind that complex 
disturbances of carbohydrate metabolism are present in this condition, 
and also that the rate of sugar absorption from the alimentary tract is 
probably increased.^ 

Approaching the study of liver function during hyperthyroidism 
from another point of A-ieiv, Maddock and eo-ivorkers^® studied the 
blood amino acid nitrogen in these patients. A'o abnormal values xvere 
found ; bxxt this is not sinprising, since the deaminizing function of the 
liver is lost only in the presence of extensive liver damage, such, for 
example, as oeeurs in the teiminal stages of acute yellow atrophy.* 

Cinchophen oxidation in cases of uncomplicated hyperthyroidism 
was studied by Lichtman^' who found that disturbances of this process 
existed in sixteen of his tiventy eases (or 80 per cent), indicating 
moderate impairment of liver function. Severe damage to the lh*er, 
however, was in no instance indicated. 
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cases of jaimdiee oeciuTing hi patients until exophthalmic goiter. All 
thiee patients recovered from the jaundice; one passed gallstones. 

The causes of jaundice are obviously niimevous; and some of the 
eaiiy case reports are open to criticism both because the jaundice may 
have occurred from some pathologic process entirely unrelated to the 
thyroid and also because the diagnosis of hj'perthyroidism may have 
been inaccurate. With the added eiddenee, however, of later reports 
of the clinical and pathologic data in a relatively large number of 
eases of hyperthjmoidism, it has become evident that while jaundice is 
not common in this condition it is by no means rare in the more severe 
cases. In 1919, Kohn^^ analyzed a series of 56 eases of exophthalmic 
goiter and reported the occurrence of jaundice in five. Heilmeyer,^^ 
in 1931, reported that among 101 ea.ses of exophthalmic goitei*, 6 pa- 
tients showed jaundice that could not be explained on any other basis. 
AVeller,”” in 1933, reported jaundice in 8 of 35 patients whose cases he 
analyzed. Beaver and Pemberton,® also in 1933, reported the occur- 
rence of this complication in 23 (21.5 per cent) of their series of 107 
cases of exophthalmic goiter, pointing out, hou^ever, that the jaundice 
was slight in 17 instances and pi'onounced in only 6. In Shaffer’s®’ 
group of 24 thyrotoxic patients,* studied in 1940, jaundice was present 
in 5 and well marked in 3. Lichtman,''® in 1941, reported that among 
26 cases of Graves’ disease autopsied at Mount Sinai, jaundice oc- 
curred twice. Kerr and Rusk^® reported the clinical and pathologic 
findings in a patient operated upon for hyperthyroidism from which 
he had suffered for about 3 months. He ran a rather stormy post- 
operative course during which he developed jaundice which gradually 
became deeper, death occurring 15 days after operation. On autopsy 
the liver showed almost complete loss of architecture with necrosis and 


cellular infiltration. 

Liver Function Tests. — Yarions labm-atoi'j' tests ha^'e been used to 
elicit further information as to possible alterations of liver function dur- 


ing hyperthyroidism. 

Blood bilirubin in the presence of hypcrtliA’roidism has been measured 
ill the belief that increased amounts of this pigment in tlio lilood stream, 
■ the absence of excessive hemolysis of red cells or of obstruction of the 
, Jyy ducts, would indicate impaired function of tlic liver paren- 
* Vniimans and Warfield^ carried out this test in twelve cases 
‘"Tfound increased bilirubin in seven. iMaddock and eollaboratoi-s^® 

“teo '■■’•'’■’"’■J™"’ 

patients. determine the functional e/Ticiency 

Various dyes hai youmans and AVarfield,'® u.sing tlie 

nf flip liver in hj"peit j 

OtJ^n in tbyrold crJ.-la and of tl.f.-e. 2 «cre 

ot the 24 patients a ore 
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foi'in of hypei'thyi’oidisni, it is not surprising that the various luauifes- 
tations of depressed liver function, including jaundice and degenerative 
liver changes in those coming to autopsy, have frequently been found 
in such easesd®' Indeed, the theory has been advanced that the 
changes taking place in the liver are themselves responsible for the 
occurrence of the thyroid crisis,*" and a similarity has been seen be- 
tween certain clinical features of the crisis, especially hyperpyrexia, 
and the syndrome that accompanies the so-called “liver deaths.”*"’ **’ ** 
Exception to this view is taken by jiladdoek and his co-workers,*® who 
could find no correlation between the preoperative determination of 
hepatic function and the jnildness or severity of the reactions following 
operations on the thjToid gland. These authors fuidher point out that 
while an increase in the symptoms of hyperthyroidism together with a 
measurable decrease in liver function often occur postoperatively, they 
found nothing to show that one was the cause of the other. While to 
ine also, the evidence seems weak in favor of the theory that the pri- 
mary pathology responsible for the ci’isis is to be found in the liver, 
injury to the liver does undoubtedly occur frequentlj’- as a complication 
of the crisis, often plajdng an important part in the clinical picture 
and even contributing to a fatal outcome. 

DATA FROM ANIJIAL EXPERIMENTS 

There is little exact information on the interrelationship of the liver 
and the thyroid under normal conditions. A survey of the literature, 
however, brings out several points. Complex iodine products in gen- 
eral are eliminated by the liver, and it is believed that this also applies 
to the thyroid hormone, its destruction and excretion taking place 
means of this organ.*’ There is also some evidence that under certain 
conditions thyroxin may be stored in the liver.^’ ** Thus, Zavadovsky 
and Azimov** reported that after a large dose of thyroxin they were 
unable to find the hormone in the blood until after the lapse of four 
hours and they considered that during this interval the hormone was 
accumulating in the liver. 

That certain changes are produced in the liver by experimental hy- 
perthyroidism has been known for a long time. 

Hypertrophy of the Liver . — As early as 1916, Hoskins” reported that 
in thyroid-fed albino rats the liver appeared considerably heavier than 
in the controls. In 1920, Hewitt*® likewise reported a hypertrophj^ of 
the liver in thyroid-fed animals. In 1930, Simonds and Brandes” car- 
ried out an extensive study on dogs, in which body weights and liver 
weights were compared in normal, thyrotoxic, and starved animals. 
These authors found that whereas in starvation the liver lost weight in 
greater proportion than the body, in thyrotoxico.sis the liver loss was 
less, proportionately, than that of the body as a whole. They point out 
that this is particularly striking since wo Iniow that glycogen is lost from 
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Recently, seveial investigations of liver function in hyperthyroidism 
have been carried out by using the Quick hippuric acid test, which is 
based on the assumption that the liver is involved in the conjugation 
of benzoic acid and glycine to form hippuric acid. Bartels' found that 
reduction in liver function was shown by tliis test to exist in a high 
proportion of hyperthyroid patients, only 18 out of the 148 such 
patients giving a normal response at the time of admission to the hos- 
pital. The degree of impairment of liver function appeared to be in 
direct proportion to the sevei’ity of the hyperthyroidism. In cases of 
XH'imary hyperthyroidism, improA^ement occurred during preoperatii'e 
treatment; no change, hoAS'ever, aa'os apparent in cases of adenomatous 
goiter with hyperthyroidism. Boyce and McFetridge'® and Haines and 
associates^" have also reported finding distiu'banees of liAmr function 
in hyperthyroid patients by use of the hippuric acid test. Haines and 
Ids co-Avorkers go on to say, hoAvCAmr, that since the reduction of hip- 
piAi’ic acid excretion is not uniformly found in patients Avho are con- 
sidered by other standards to be poor surgical risks, they do not con- 
sider this test to he of great value in the clinical management of pa- 
tients Avith hyperthyroidism. 

A different method of testing liver function Avas used in 1941 by 
Lord and Andrus.^® These authors had preAuously found that patients 
Avith intrahepatic jaundice had reduced values of plasma prothrombin, 
and that on injection of 2-methyl-l, 4-naphthoquinone, the plasma pro- 
thrombin content did not rise significantly. In cases of extrahepatic 
jaundice, on the other hand, the plasma prothrombin did rise signifi- 
cantly folloAving injection of this drug. These authors, therefore, sug- 
gested that the response of a Ioav level of plasma prothrombin to the 
injection of 2-methyl-l, 4-naphthoquinone might be considered a meas- 
ure of hepatic function. With this in mind they studied the Ica'cI of 
plasma prothrombin in a series of thirtj'-six hyperthyroid patients and 
found that whereas the preoperative leAml of plasma prothz'ombin 
shoAved no direct correlation Avitli the seA-erity of the hyperthyroidism, 
a simiificant fall took place postoperatiA-ely in tAventy-nine out of the 
thirty-six cases of toxic goiter and furthermore, that the e.vtcnt of the 
fall coAAld be closely correlated AAuth the severity of the postoperative 

irse Apparently, hoAvever, these authors did not test the re.sponse 
S\he patients to the injections of tlie 2-mcthyl-l, 4-naphthoquinone. 

effect of tiivroio crisis ox the liver 


the freouency of the thyroid crisis and postoperative storm 
Although the fxeque 3„j,oduetion of iodine therapy, these 

asbeengreatlj di.sappearcd- and probably account for 

eactions haAC J deaths rc.sultiug from thyrotoxicosis.’^- 

ver half the rcactious suffer from the most severe 

lince pu ' roictlon occur» after cvrry oprjat/on for nrllvc 
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and in those sacrificed at an earlier stage in the experiments. The 
lesions varied from relative!}’ simple fatty degeneration to actual necro- 
sis. They v'ere most marked around the central veins, hnt at times 
involved the entire lobule. In the periphery of the lobules showing 
degenerative changes, he frequently found evidence of repai'ative proe- 
e.sses, as indicated by a large number of mitotic nuclei and young cells 
with clear iirotoplasm and large nuclei. In animals dying after a long 
course of thyroid administration, there was evidence of chronic pas- 
sive congestion. 

In 1933, Gerlei,^^ working with rabbits, studied the effect produced 
on the liver by administering large amounts of thyroxin. The animals 
were given daily subcutaneous injections of 4 mg. of thyroxin and 
death ensued in four to five days. In addition to finding hypertrophy 
of all the organs, he found extensive degeneration and necrosis of the 
liver resembling that found in chloroform poisoning. The necrosis was 
most marked around the central veins, and while the necrotic areas 
themselves showed very little fat, the boundary zone between the 
necrotic and normal cells showed large amounts. 

Liver Function Tests . — There arc very few reports on liver function 
tests during e.xperimental hyperthyroidism in animals. Younians and 
Warfield’® reported some preliminary experiments in which liver func- 
tion was " determined by use of the phenoltetraehlorphthalein test. 
These woi-kers found that thyroid-feeding of their animals had no 
effect on the functional efficiency of the liver as estimated by the above 
test. Drill and Hays^® studied the liver function in hj'perthyroid dogs 
by means of the bromsulfalein method. They fotind-that after pro- 
longed feedings of thyroid extract to these animals, disturbance of 
liver function usually developed and the dye retention was greatly in- 
creased by reducing the amount of yeast in the diet or omitting it 
entirely. These authors do not claim that deficiencies of the B vitamins 
were the only factors in diminished liver function in their hyperthy- 
roid animals, but they feel that there was some causal relationship 
between disturlianees of liver function and the insufficient intake of 
these vitamins. 

INCREASED .SUSCEPTIBJLnA OF THE LIVER TO 1X.JURY UNDER 
CONDITIONS OF HYPERTHYROIDISM 

Increased Susceptibility to Chloroform . — It has already been sug- 
gested that the liver under conditions of hyperthyroidism may be more 
susceptible to injury by various agents than it is normally. In order 
to test this hypothesis, a number of attempts have been made to ascer- 
tain the effect of various well-known liver poisons during liyperthv- 
roidism. One of tlie first of such experiments was carried out by Davis 
and Whipple,'® who tried the effect of. feeding thyroid to the'experi- 
mental animals prior to the administration of chloroform by inhalation. 
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tlie livex’ in Ixoth stai'vation and liyperiiij'i'oidism, and that, consequently, 
something must occui' in this oi'gan to countei’balance the loss of liver 
weight Avhich one woixld expect fi’oin the loss of liver glycogen in the 
thyrotoxic animals. These authors are inclined to the view that the 
relative, if not absolute, hypertroph 5 ' of the liver dui’ing experimental 
hyperthju’oidism is caused by the inci’eased and augmented blood flow 
to this organ.*" 


In 1933, Higgins®' confirmed the finding that feeding thyroid extract 
to rats tended to produce an increase in the size of the liver. He further 
showed that xvhen a subtotal X'emoval of the liver was cari’ied out, the 
rats I’eceiving thyroid regenerated their liver tissue more rapidly than 
animals similarly operated upon but I’eeeiving no thyroid. 

Change in Liver Clijcogen. — ^Pei'haps the most xvidely recognized elfeet 
produced in the liver by the increased thyroid hormone in the blood is 
a mai'hed decrease in liver glycogen.! This important finding was first 
reported in 1913, by Ci'amer and Krause,’® and has since been con- 
firmed by many other workei-s. Cramer and Krause carried out their 
work on cats and rats and reported that after small amounts of fresh 
thyroid gland had been administex-ed for two or three days to these 
animals, even though they were on a carbohydrate-x’ich diet, the liver 
■was foxxnd to contain only a trace of glycogen. They believed that 
this was due to an inhibition of the glycogenic function of the liver 
and not to an increased utilization of carbohydrates. 

The above findings of Cramer and Krause were eonfii'ined in 1917 


and 1918, by Kuriyama,^®’ and in 1933, by Coggeshall and Greene,'^ 
who further reported that when thyroxin and desiccated thyroid gland 
were given in equi-iodine doses, the fox’mer prepax-ation lowered the 
liver glycogen more than did the latter. 

Dx-ilP“ reported in 1937, that he was able to maintain a normal level 
of liver glycogen in thyroid-fed rat.s by administering large doses of 


the vitamin B complex. 

Jlistologic Changes. — Histologic changes are said to occur in the liver 
hen experimental hyperthyroidism is produced in animals. One of the 
^^arliest studies on this aspect was carried out in 1913, by Farrant,== who 
hyperthyroidism in cats and rabbits by feeding thyroid e.x- 
t !°ct and reported finding histologic changes in the livci', occurring most 
i’ the center of the lobules. He described these changes as 
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and in those sacrificed at an earlier stage in the experiments. The 
lesions varied from relatively simple fatty degeneration to actual necro- 
sis. They vere most marked around the central veins, but at times 
involved the entire lobule. In the periifiiery of the lobules showing 
degenerative changes, he frequently found evidence of reparative proc- 
e.sses, as indicated by a large number of mitotic nuclei and young cells 
with clear protoplasm and large nuclei. In animals dying after a long 
cour.se of thyroid admini.stration, there was evidence of chronic pas- 
sive congestion. 

In 1933, Gerlei,*^ working with rabbits, studied tlie eft’ect iirodueed 
on the liver bj' administering large amounts of thyroxin. The animals 
were given daily subcutaneous injections of 4 mg. of thyroxin and 
death ensued in four to five days. In addition to finding hypertropliy 
of all the organs, he found extensive degeneration and necrosis of the 
liver resembling that found in chloroform poisoning. The necrosis was 
most marked around the central veins, and while the necrotic areas 
themselves showed very little fat, the boundary zone between the 
necrotic and normal cells .showed large amounts. 

Liver Function Tests. — Thei'e are vezy few reports on liver function, 
tests during experimental hyperthyroidism in animals. Youmans and 
Warfield'" reported some preliminary experiments in which liver func- 
tion was ■ determined by use of the phenoltetrachlorphthalein test. 
These workers found that thyroid-feeding of their animals had no 
effect on the functional efficiency of the liver as estimated bj" the above 
test. Drill and Hays®" studied the liver function in hjqierthyroid dogs 
by means of the bromsulfalein method. They found -that after pro- 
longed feedings of th 3 'roid extract to these animals, disturbance of 
liver function usuallj^ developed and the djm i-etention was greatly in- 
creased bj" reducing the amount of j'east in the diet or omitting it 
entireljv These authors do not claim that deficiencies of the B vitamins 
were the onlj" factors in diminished liver function in their hj'perthj'- 
roid animals, but they feel that there was some cairsal relationship 
between disturbances of liver function and the imsuffieient intake of 
these vitamins. 

IXCKEASED SUSCErriBILITI OF THE U\-ER TO IX-JURY UXDER 
COXDITIOXS OF HYPERTHVROIOISW 

Increased Susceptibility to Chloroform . — It has alreadj' been sug- 
gested that the liver under conditions of hj'perthj'roidisni inaj' be more 
susceptible to injurj' bj'^ various agents than it is normallj’. In order 
to test this hj’pothesis, a nutnber of attempts have been made to ascer- 
tain the effect of various well-known liver poisons during hj'pertin-- 
roidism. One of the first of such experiments was carried out In' Davis 
and Y hippie,'" who tried the effect of feeding thj-roid to the experi- 
mental animals prior to the administration of chloroform bj' inhalation. 
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Tiiese authors eoiicluded that tiie administration of tliyroid iiad no 
influence on the liver injury folloudng chloroform anesthesia/ and 
that the only notable finding hi the liver at autopsy was the unusually 
small amount of fat. These experiments are open to certain criticisms, 
in that only four animals (dogs) were used, that they received thyroid 
treatment for only four days, and that the chloroform was given by 
inhalation only and not by injection. The significance of this latter 
point is brought out by Goodpasture,-® -who, in studying the effects of 
light chloroform anesthesia on the myocardium of hyperthyroid ani- 
mals, noted that although the thyrotoxicosis did increase the suscepti- 
bility of the heart muscle to the toxic action of chloroform anesthesia, 
the livers of these animals usually showed no central necrosis. When, 
however, the chloroform (in small doses of 0.2 c.c. per kg.) was ad- 
ministered subcutaneously, the animals usually died within twenty-four 
hoiu’s with extensive liver necrosis. No control experiments were car- 
ried out to show the effect of chloroform injections on the livers of 
animals not receiving thjmoxin. 

Jlclver,®^ hovmver, in 1940, showed that the administration of crys- 
talline thyroxin to albino rats definitely increased their susceptibility 
to chloroform poisoning. The chloroform in these experiments was 
administered by subcutaneous injection, 0.4 to 1.5 c.c. per kg. of body 


weight, to animals that had received injections of crystalline thyroxin 
over a period of one to two weeks. Of fifteen animals (rats) so treated, 
eleven died .in twelve to thirty-six hours, while four recovered. In the 
control group of twenty rats which received the chloroform injections 
but no preliminary treatment with thyroxin, all recovered or were 


sacrificed at the end of forty-eight hours, shoivmg no symptoms of 
chloroform poisoning. In 1942, Mclver and Winter,®® in experiments 
on the mechanism of the increased susceptibility to chloroform poison- 
in'’’ found in hyperthyroid rats, showed that it could not be attzdbuted 
imply to the fact that the liver glycogen is depleted by the adminis- 
tration of thyroxin. These authors further showed that the adminis- 
t' n of a high protein diet did not protect the livers of the hyper- 
Jliyroid rats from inWi'T following chloroform injections. 

r -l) Tetrachloride Experiments . — Cameron and Karunaralne,’® in 
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curred * In 1941, Sealy**" found that when animals infected with 
Shope’s papilloma were given thyi’oid extract, liver changes developed, 
whereas, such lesions were not found in two groups of controls, one of 
which was receiving thyroid extract without infection with Shope’s 
papilloma, the other being infected with Shope’s papilloma but receiv- 
ing no thyroid preparation. 

Deleterioxis Effects of Anoxia . — Recent experimental woilv'^ showed 
that when hyperthyroid animals were exposed to artificial atmospheres 
containing low percentages of oxygen, degenerative lesions could 
usually be demonstrated in the liver, varying from slight changes when 
the anoxia was of short duration, to extensive degeneration ivhen the 
anoxia ivas of longer duration. The livers of normal animals similarlj' 
exposed to anoxia showed no liver lesions. The mortality among the 
hyperthyroid animals was high,! while there were no deaths among the 
controls. 

Since anoxemia, due to a number of causes (respiratory obstruction 
following operation, pulmonary edema, hj^perpyrexia), is commonly 
encountered in hyperthjToidism,'^> partieularlj’^ in relation to 

the thyroid crisis and postoperative storm, this condition may be an 
important etiologie factor in some of the instances where degenerative 
lesions are found at autopsy. 


THERAPEUTIC IMPLICATIONS 


Since the liver lesions associated with hyperthyroidism have been 
reported only in severe or long-standing cases, it is obvious that early 
recognition and efficient treatment of the underlying disease would 
largely do away with this complication. Neglected and fulminating 
cases of thyrotoxicosis, however, continue to be seen and it is worth 
while to consider what measures can be taken to protect the liver in 
such circumstances. 


In the literature dealing witli the general subject of liver injury, 
emphasis is laid on the protection afforded to the liver by certain 
elements of diet, notably proteins and carbohydrates.’®’ But 

it should be noted that however convincing the evidence in favor of 
the protective effect of a high protein diet against liver poisons in gen- 
eral, hyperthyroidism produces a now set of conditions under which 
the protective action of proteins may not apply. This is true also of 
the protective value of a high carbohydrate diet or the intravenous 
administration of glucose, for it must be remembered that a serious 
derangement of carbohydrate metabolism occurs in hyperthyroidism 
and that the reduced ability to store glycogen in the liver is one of the 
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outstanding features of the disease. It is possiblj' significant that in 
recent investigative work it Avas found that neither a high protein diet 
nor injections of glucose Avere eifeetiA’e in protecting the liA’ers of 
hyperthyroid animals against chloroform poisoning.^- The nutritional 
needs of the l)ody, hoAveA’er, are enormously increased during hyper- 
thyroidism and this fact alone, aside from any specific protectiA^e effect 
on the liA'er, is sufficient to Avarrant emphasis on the inclusion of ade- 
quate amounts of protein and earbohj^drate in the diet of these patients. 

The A’itamin needs of the body are also greatly increased during hyper- 
thyroidism and should be adequately met. That this is particularly true 
of the B vitamins, is suggested by Drill ’s Avork’“ in tliis field. As already 
pointed out, this author reported that the B Autamins are beneficial in 
maintaining a normal level of liAmr gljmogen during experimental hy- 
perthyroidism and in later studies Avith Hays-" demonstrated that they 
are of assistance in maintaining a normal d3'e excretion. 

Since the Ih'er under conditions of h.vperthjmoidism shoAvs increased 
susceptibility to injury, and it is uncertairr Iioav much protection is 
afforded bj'' measures that Avould be effective under ordinary condi- 
tions, special precautions must be taken to guard this organ from 
ex2A0sure to deleterious factors. In vicAv of Avhat has been said as to 
the apparent influence of intereuri’ent infections upon the development 
of liver lesions in hyperthyroidism, especial care must be taken to 
shield the patient from anj'’ infection. Other deleterious factors as- 
sume particular importance Avhen an operation is to be carried out. 
An anesthetic should be selected that has a minimum toxic action on 
the liver and the greatest eare should be used to see that no anoxemia 
results either during or subsequent to administration. In the more 
fulminating cases of hj'perthjToidism the use of local rather than gen- 
eral anesthesia should receive careful consideration. During the post- 
operative period, if anj" evidence of anoxemia develops due to I'espira- 
toiy obstructions or pidmonaiy complieation.s, prompt oxjycn therapy 
should be instituted. It should also ])e remembered, as pointed out by 
Hartmaim^ that liA'perpjU'Cxia in itself maj- contribute to anoxia and 
peiiefieial effect of oxygen therapy in tlie tliyroid crisis, Avhei-e 
hvperpyrexia is such a constant feature, is Avell recognized. 
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Review of Recent Meetings 


MEETING OF THE AMERICAN SURGICAL ASSOCIATION, 
APRIL 6-S, 1942, CLEl^ELAND, OLIIO 


J. Dkwey Bisgard, M.D., Omaha, Neb. 

A PDEESS of the President, Harvey B. Stone, Baltimore. — Homeostasis demands 
constant defense against (1) trauma, (2) parasites, (3) psychic and emotional 
influences (in man), and it also demands the maintenance of body economy. Can- 
cer represents an escape from normal restraints, a breakdown of homeostasis. The 
mechanisms of defense are (1) encysting, (S) suppurative, (3) immune bodies, 
and (4) antiphylactic reaction. Cross grafting in higher forms of life is defeated 
bj" host defense reaction. The graft is already adapted to the habitat from which 
it is removed and unable to adapt itself to its host which reacts against it. The 
fundamental factor may be the genes which determine speciflcity, or simply the 
reaction to protein molecules. Grafting or replacement surgerj' is an enormous 
unexplored Held. It is within the realm of possibility in the future to transplant 
from one individual to another not only vital organs but even extremities. Bor suc- 
cessful transplanting of tissue .such as thyroid it is necessary to (1) use small trans- 
plants, (2) obtain complete hemostasis and use strict aseptic and atraumatic tech- 
nique, (3) be assured of good blood supply in the recipient bed, (4)(?) physiologic 
need of transplant, (5) ( ?) placement of graft into its natural region. 


■ The Control of Hair and Feather Pigmentation as Eevealed by Grafting Melan- 
ophores in the Embryo, B. H. Wilier (by invitation), Chicago. — All pigment cells 
for the skin, hair, and feathers migrate in the embryo from tJie neurocrest cells. 
Transplants from the neurocrest of pigmented breeds of chick embryos, such as 
black leghorns, to the site of the wing bud of embryos of nonpigmented breeds, 
such as white leghorns, caused these latter chicks to grow a wing with black 
feathers and vice versa. These transplanted mela/iophores are nfrected by such 
hormones as estrin, thyroid extract, and deso.xycorticosterone. These substances 
r foundly influenced the color of the feathers, hrelanophores from the white 
d^ produce no color because they die early; this e.xplains the graying of hair 
bree P graying represents premature death of melanophores, either 

on Tfomilial or a hormonal basis. 

• the Free Transplantation of Skin, James Barrett Brown, St. Jjouis . — 
Studies in ^^guor sites of split shin grafts has been found to occur mthin 
Epitheliz.ation o i ^ epithelium “dedilTercntiating" from the rorn rinn tM 

six days with new If ike healing stiimilus i.» low, cpilhclization of 

of follicles deep . ^.o^rjlcd. Fibroplasia is also retarded so that there is 

any defect in "yjoroc burned defects heal by “scar” epithelium there are 

less contracture, w ‘ “ .jpgiinm with excitation of the healing stimulus over 

Assuring in‘"' 'legeneralion. The progre.s 

a long periofl " ,>;,.f,‘.,etivitv of the epithelium to a malignant invasive 
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Climcal and Experimental Studies in the Treatment of Burns, Vinton E. Siler 
(In iriMtation), and Mont R. Reid, Cmcmnati— Endeiico from both clinical and 
animal studies nas presented that compression dressings o\er burned surfaces re 
duces the loss of plasma from those surfaces, thcreb) consoriing plasma and dim 
imshing thermal shoch. These dressings are applied after the surfaces haie been 
metieulousU cleansed ssitli rigid aseptic tccUni<iue and then coiered with laso 
lineized gauze. The burned areas are put at rest and the extremities siilmted oi 
encased in plaster of Paris Sub'-equent dres'-iiigs nere done infreqiienth Often 
second degree burns were healed at first redressment In 145 cases so tieated 
there nere fiie deaths and in these fire oier 40 pei cent of the shin surface nas 
burned 

In the discussion, W. G. Penfield, Montreal, stated that the care of burns nas 
the biggest problem of the War in Britain S E Koch, Chicago, reported 4S0 
cases of burns with 3 0 per cent niortahtj using the technique of cleansing iiitli 
copious Tiashing uith saline solution, debridement, \aseline gauze diessmgs uitli 
compression, immobilization in splints, and adequate plasma and other shock therapj 
He belieies that this method with slight modification could be used in niilitaiq 
surgen L Elloeser, San Francisco, and E Young, Rochester, N Y , reported 
experiences with and recommended immediate excision of areas burned to third 
degree and co%enng these aioas uitli split grafts immcdiateli With takes the 
areas are coiered uitli skin uithin a fen da\s and infection and contractures 
a\ oided 


Chrome Infected Bums With Hemorrhage, William A. Altemeier (bj iniita 
tion), and B. N Carter, Cincinnati — In three cases in which bleeding had per 
sisted in spite of all forms of treatment, the oozing stopped prorapth and perma 
nentlj folloning applications of zinc peroxide From onlj one of these cases how 
eier nere anaerobes cultuied 

In the discussion, F. L Meleney, Ken York, stated that anemia in infected 
bum cases resulted from hemoljtie actiiity as well as capillarx bleeding, and 
that simhiotic infections including anaerobes nere prone to cause capillarj oozing 


Procurement and Use of Blood Substitutes in the Army, Douglas B Kendnck, 
Jr, Major, M C , H S A (bx iiixitation) — The Bed Cross operates eighteen blood 
donor stations throughout the eountn nhere blood is taken from 1,500 xolunteers 
dailj For the serxiee, plasma is packaged in both drx and net forms There is 
aiailable oxer 250,000 units of dried plasma From its use there liaxe been onlx 
2 per cent reactions and none sex ere Eeceiitlx, the albumin fraction has been 
extracted from plasma and pack iged in 25 per cent solutions in smaller bulk to 
fascilitate storage and shipping Fiftx cubic centimeters haxe an osmotic pull of 
250 c c of plasma 


The Problem of Intestinal Gases Complicating Abdominal Surgery, Albert O. 
Singleton, Galxeston — A studx of intestinal gases shows that thej are composed 
mainlj of swalloned air Experimental ex idence xras gixen xxhich indicated that 
distention of the intestine senouslx modifies its normal function, resulting in dis 
turbance of electrolxtic balance in the blood, as xvell as senouslx interfering uith 
the circulation of the bouel A clinical studx of gastric suction as compared to 
duodenal suction indicates that in the former there is xerx httle fluid lost, xihile 
in the latter there is a great deal of fluid lost Postoperatix e ileus is of little 
consequence m the absence of distention, the return of peristalsis following ab 
dominal oper.itions is much more prompt if gases are not allowed to enter the 
intestine, the los, of fluids and clectroixtes bx gastric suction is small in amount 
.ind can be easilj rcpliced bx parenteral methods, one of the greatest adjuncts to 
abdominal snrgorx for the comfort of the patient and the lowering of Lrtalitx 
IS the use of gastric suction to prexent intestinal distention ' 
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A ddress of the president, Harvey B. Stone, Baltimore. — Homeostasis demands 
constant defense against (1) trauma, (2) parasites, (3) psychic and eniofionai 
influences (in man), and it also demands tlie maintenance of body economy. Can 
ecr represents an escape from noimal restraints, a breakdown of homeostasis. The 
mechanisms of defense aio (1) encisting, (2) suppuratne, (.3) immune bodies, 
and (4) antiphylaetic icaction. Cross grafting in liigiicr tornis of life is defeated 
by liost defense reaction. The graft is already adapted to the Imbitat from wliicii 
it is rcmoicd and unable to adapt itself to its host which reacts against it. The 
fundaniciital factor may be the genes iiliieh doteimino spccifloiti, or simply the 
reaction to protein molecules. Grafting or replacement surgery is an enormous 
ime.\plored field. It is nithin the realm of possibility in the future to transplant 
from one indiiidual to aiiothei not only iital oigans but eien extremities. For sue 
cessful transplanting of tissue such as tluTOid it is necessary to (1) use small trans 
plants, (2) obtain complete hemostasis and use stnet aseptic and atraumatic tech 
iiiquo, (3) be assured of good blood supply m tlie lecipient bed, (4)(?) phjsiologic 
need of transplant, (5) (?) placement of graft into its natural region. 


The Control of Hair and Feather Pigmentation as Revealed by Grafting Melan- 
ophores in the Embryo, B. H. Wilier (by imitation), Chicago.-— All pigment cells 
for the skin, hair, and feathers migrate in the embryo from the neurocrest cells. 
Transplants fioni the neuroerest of pigmented breeds of chick embrjos, such as 
black leghorns, to the site of the iMiig bud of embrios of noupigmeiitcd breeds, 
*1 as white leghorns, caused these latter chicks to giow a wing nith black 
*'**^tl ' and vice versa. These tiansplanted nielanophoies aie affected by such 
as estnn, thyioid extinct, and desoxj coiticosteione. These substances 
hoimoues < 50 I 01 of the featheis. IMelanophores from the nhite 
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Free Transplantation of Skin, James Barrett Brown, St. Louis — 
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Clinical and Experimental Studies in the Treatment of Burns, Vinton E, Siler 
(by in^-itation), and Mont E. Eeid, Cincinnati. — Evidence from both clinical and 
animal studies was presented that compression dressings over burned surfaces re- 
duces the loss of plasma from those surfaces, thereby conserving plasma and dim- 
inishing thermal shock. Tliese dressings are applied after the surfaces have been 
meticuloush' cleansed with rigid aseptic technique and then covered with vase- 
lineized gauze. The burned areas are put at rest and the e.xtremities splinted or 
encased in plaster of Paris. Subsequent dressings were done infrequently. Often 
second-degree burns were healed at lirst redressment. In l-lo cases so treated 
there were five deaths and in these five over JO per cent of the skin surface was 
burned. 

In the discussion, W. G. Penfield, ^Montreal, stated that the care of burns was 
the biggest problem of the AVar in Britain. S. L. Koch, Chicago, reported JSO 
cases of burns with 3.9 per cent mortality using the technique of cleansing with 
copious washing with saline solution, debridement, vaseline gauze dressings with 
compression, immobilization in splints, and adequate plasma and other shock therapy. 
He believes that this method with slight modification could be used in military 
surgery. L. Elloeser, San Francisco, and E. Young, Rochester, JC. Y., reported 
experiences with and recommended immediate excision of areas burned to third 
degree and covering these areas with split grafts immediately. With takes the 
areas are covered with skin within a few days and infection and contractures 
avoided. 


Chronic Infected Burns With Hemorrhage, William A. Altemeier (by invita- 
tion), and B. N. Carter, Cincinnati. — In three cases in which bleeding had per- 
sisted in spite of all forms of treatment, the oozing stopped promptly and perma- 
nently following applications of zinc peroxide. From only one of these cases how- 
ever were anaerobes cultured. 

In the discussion, T. L. Meleney, New York, stated that anemia in infected 
burn cases resulted from hemolytic activity as well as capillary bleeding, and 
that symbiotic infections including anaerobes were prone to cause capillary oozing. 

Procurement and Use of Blood Substitutes in the Army, Douglas B. Kendrick, 
Jr., ifajor, M.C., U.S.A. (by invitation). — The Bed Cross operates eighteen blood 
donor stations throughout the country where blood is taken from 1,500 volunteers 
daily. For the service, plasma is packaged in both dry and wet forms. There is 
available over 250,000 units of dried plasma. From its use there have been only 
■2 per cent reactions and none severe. Recently, the albumin fraction has been 
extracted from plasma and packaged in 25 per cent solutions in .smaller bulk to 
fascilitate storage and shipping. Fifty cubic centimeters have an osmotic pull of 
250 e.c. of plasma. 


The Problem of Intestinal Gases Complicating Abdominal Surgery, Albert O. 
Singleton, Galveston. — A study of intestinal gases shows that they are composed 
mainly of swallowed air. Experimental evidence was given which indicated that 
distention of the intestine seriously modifie.s its normal function, resulting in dis- 
turhance of electrolytic balance in the. blood, as well as seriously interfering with 
the circulation of the bowel. A clinical study of gastric suction as compared to 
duodenal suction indicates that in the former there is very little fluid lost while 
in the latter there is a great deal of fluid lost. Postoperative ileus is of little 
comsequence in the absence of distention; the return of peristalsis following ah- 
< ominal operations is much more prompt if ga.^es are not allowed to enter the 
intestine; the loss of fluids and electrolytes by gastric suction is small in m, 
and can be easily replaced by parenter.al methods; one of the greatest adiu'ncrt 
ahclominal surgery for the comfort of the patient and the lowerinl e t 

IS the use of gastric suction to prevent intestinal distention. ^ mortality 
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!ui IS lUiriiij; iiiiliK tioii of 'iiu'stlK'sm llio sloni.itli slioiiltl l)o 

iiitul)i'(l 1111(1 iispi ruled lielore and diiiin;; oiieinlioii. 

Tn tlie discussion, W. D. Gatch, Jndiaiiiiiiulis, reminded llio group tliat disten 
(ion < luises atelectasis and ano\ui liy eloMiting the diaidir.igm and limiting its 
e\(,iiisioii. A. O. Whlpplo, iS'civ York, staled Hint ileus may lie caused 1ji edema 
of (lie liOMid resulting from li_i poiiroteinemi-i and o\ erlii di.itioii Intestinal in 
tulmtioii IS desiralile in couiunction mtli resection of the right colon. P. A. 
Collcr, \nn \rlior, stated (hat miitli air is snalloned during- the excitement stage 
of aiiesihesi.i. W. G. Matldock, Ann Ailior. bolieies tJi.it much .iir maji enter the 
stomiieh nithoiit lieiiig sn nllon cd. 


Small Intestinal Distention: A Study of Pive Years’ Treatment, Charles G. 
Johnston, and K. J. Noer (In iiiMtation), Detroit — This studj of a senes of cases 
nith sneill bond distention showed that decompression with suction applied through 
a tube iiidnelliiig the stomacJi, diiodemim, oi (particiilaili ) the small bowel down 
to the le\ol of the obstmctioii is an inxahiable aid as an adpinct to other methods 
of treating intestinal distention and obstruction. It was oiiratixe alone in some 
cases Its use, howeior, demands gicatcr acciiiaci of dingnosis, particularly in 
lespeet to recognition of stiangiil.itioii It faciJilafos operation and postoperatne 
caie. Imniediiitc oi carli opciatiou should be done in cxerj case in which the 
possibility of straiigulntioii cannot be excluded. 


Newr Operative Techniques in the Management of Bowel Obstruction, Owen H. 
Wangensteen, Minneapolis — A definite, gcneial loweiing of the mortality of ob 
struction came about Inigch llirough dexclopment of nonoperatixe decompressive 
mensuies Tuitlior reduction of tlic moitalitj awaits doielopment of improied 
methods of dealing with tlic obstructed bowel suigicalh, by employment of pn 
niaiy lesection and closed anastomosis in noiuiable intestinal stiangulations, and 
dexclopment of operatixc moans of decompressing tlio distended bowel aseptically 
The intestine is peifoiatod with a trocar containing a catheter fitted to a sue 
tion sjstem The bowel is emptied without soiling bj pleating it oxer the catheter 
In the discussion, L. S. McKittnck, Boston, stated that nonopeiatixe deeom 
piessioii has caused disastioiis delaj in ceitain cases and that immediate operation 
IS indicated in all cases in which stiangiilation cannot be excluded Dr. Wangen 
steen, m closing, stated that icbouiul tendeiness was indicative of stiangiilation 


Experiences With the Surgical Management of Diverticulitis of the Sigmoid, 
B H. Smithwick, Boston - — An analysis w as made of si\tj cases operated upon 
for dix erticiilitis and associated complications including acute perforation, local 
iz.ed abscess, vesicosignioidal fistula, and external fistula, ns well as subacute and 
'hroiiic iionperforated lesions The sigmoid was resected in thirtj cases, cmplo} 
four different techniques Included with otlier methods of treatment weie 
diainave and teniporarj colostomx. The mortabtx fiom le'^ectioii was low 
^^"d'the ultimate results m the lesectcd gioup were suponoi to those of the gioiip 

treated luoie Cave, New York, stated a prefeienee for radical re 
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In the discussion, V. C. David, Chicago, lepoited si\ peisonal cases in iihich 
portions of the bhiddcr iieie excised and long poiiod*, ot ^ cure ^ obtained. D. B 
Cattell, Boston, stated that a pichminarj tiaii'sicrse colostonn should he done and 
resection or drainage delai ed. R, K. Gilchrist, Chicago, stated that studies of 
seieral resected specimens had tailed to shovr carcinomatous infiltiation of the 
bladder but rather that the fixation and fistulas iicie inflanirnatoiy. 

The Operative Repair of Massive Rectal Prolapse, Boscoe B. Graham, Toronto 
— Inasmuch as rectal prolapse is in realitj a sliding hernia of the pouch of Douglas 
it should be treated as a hernia, appljing the principles utilized in the repair of 
hernias elsewhere An operation nas described following these jiiinciples, namelx, 
dissection and disposal of the sac, the extended peritoneal lining of the pouch of 
Douglas, and closure of the defect in the supporting leiator am muscles. Three 
cases so treated v ith good results were reported. 

The Effect of Pneumonectomy Upon Cardiac Pulmonary Function in Adults, 
Andre Cournand (by imitation), and Frank B. Berry, Isew York — From a study 
of pulmonary efficiency of the remaining lung and of cardiac efficiency iollomng 
pnenmoneetomx in twelve eases, it was found that distention of emphjsema'of the 
lemaimng lung did not increase its efficiency but rather decreased, it Prexention 
or reduction of oi erdistention by means of thoracoplasti following pneumonectomy 
increased the efficiencj" as measured bj- methods of ei aluating i entilatory function, 
efficiency of gas exchange, and caidian leserie. In a few cases djspnea persisting 
many months after pneumonectomy was reheied following thoracoplasty. 

In the discussion, E. A. Graham, St Louis, stated that he had followed pneu 
moneotomy bj thoracoplastj in his earlier cases belieiing it necessar.v to help 
obliterate the emptj cant). Reinhoff's observations led him to abandon the pro 
cedure He questioned the advisabiht) of increasing the magnitude of the opera 
tion by immediately supplementing a thoracoplast) . In closing. Dr Berry stated 
that they had found studies of oxygen saturation of the blood verv helpful in 
determining the cause of d)spnea. 

A Practical Consideration of Open Pneumothorax Dnder Sodium Enpal, Sodium 
Pentothal, and Ether Anesthesia, C. A. Moyer, J. B. McKittnck fb) imitation), 
and Frederick A. Coller, Ann Arbor — Under ev ipal and pentothal anesthesia dogs 
with induced pneumothorax developed expir.atoij predominance which persisted 
after termination of the pneumothorax In two animals artificial respiration 
failed to re establish normal breathing. 

The predominance of expiratory activit) instituted b) open pneumothor.ax dur 
ing moderate evipal and pentothal anesthesia lias not been seen during moderate 
ether anesthesia This finding coupled with the observation that hvpercarbia and 
anoxia increase the toxicit) of evipal and pentotlial indicates that etlier is supe 
nor to evipal and pentothal for anesthetizing persons suffering from penetrating 
wounds of the chest. 

CUmcal and Expenmental Observations on the Closure of the Bronchus Follow- 
ing Total Pneumonectomy, WAham F. Reinhoff, Jr , James Gannon, Jr. (by mv ita 
tion), and Irwin Sherman, Baltimore — Leakage from the bronchial stump con 
stitutcs one of the major hazards following pneumonectomy. An extensive ei- 
Iieriniental «tudv in animals and observations made in sixtv one ca«es subjected 
to pneumonectomv have indicated that the bronchial stump is most securely closed 
bv plating two rows of interrupted sutures, the proximal one to relieve tension 
without str.iiigukition and the distal row to accomplish approximation. Silk su 
txircs aie preferable iriicli added sccuntj is gained b) covering the stump with 
an adjacent flap or pedicle flap of pleura. In the sixty one cases the bronchus 
oponea in ‘^l\teen, or 2C per cent, and this caused death in three. 
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Jn tlio rlisciission, E. A. Graham, Si. Loins, stated that he had sutured free, 
ns well as pedicle, Knifts of plciii.i oscr the sliimj). N. S. Shenstone, Toronto 
deiuoiist rated a iiietliod of closure ol the stiiinj) in uhich the bronchus uns crushed 
and li(,rnted jiroMiiMl to the sutiiie line. A. Ochsner, Xeu Orleans, stated that in 
a senes of Hurts luo pneunionetloimes the bioiichial stump opened in three and 
in tuo of these \ rai Iherap.i had been "iien jiieopeiatii civ. 

Transthoracic Eosection of Tumors of the Esophagus and Stomach, Edward D. 
Churchill, and Eichard H. Sweet (b\ iin iiatioii), Boston — In a senes of tuenti 
one eases of c.ircinoiiia ot the niid portion of the esophagus, nine were resectable 
and of these, three sunned and .ue Jning and iiell. Thei iierc resected bi a 
inodi/led ToioK opci.itioii. An eqnnl senes of caicinomas of the distal one third 
of the csoplmguh and cardin of the stomach were presented. In 23 per cent there 
Here metastatic glands beloii the diapinagm aloiigr the lesser cunature indicating 
necessiti of preliimniuj Inpnrolonn. Bcsection was accomplished through a left 
thoracotomy iiound. Since the esophagus has no seiosa, accuiato approMmation 
of the mucosa in the nnastomosis is essential. 

In the discussion, D. B. Phemistei, Chicago, repoited tiiehe cases, with eight 
immediate snrinors. Theie acre seien of the loner third and cardin, nith three 
sunnors. A. Ochsner, Ifen Oilcans, stated a preference foi the tno stage opera 
tion dniding the gnstrohepatic omentum thioiigh the preliminari laparotonn 
nound and prefeis the light thoraeotomj approach for lesection. It is important 
to anchor the stomach nhea it is draun up thiough the incised diaphragm. 


The Use of Oxygen in the Treatment of Transudation and Exudation Into the 
Lungs, Cecil K. Drinker (by in\itafion>, Boston. — The lungs base rich limphatic 
systems nhich diaiii into the right innominate rein In pieseiice of aiioMa there is 
iiicieased flow of Ijmph from the lungs and an incieased permeabilitj of the capil 
lanes Obstiucted and foiced breathing incieates the tloii of limph and uith anovia, 
limph exudes into the aheoh and intoistitia! spaces This coating of Ijmph pie 
cents air from reaching the capillaiies and makes resuscitation impossible Early 
recognition of disturbance of Ijmjihatic flow and piexention of its cxaidation be 
prompt relief of obstiucted and forced bieatlung and the administration of oxjgen 
must be done befoic the ineversiblc stage is reached. 
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The Treatment of Metastatic Cancer of the Pi estate, Charles Huggins, Chicago 

manj instances cancel of the piostate is i eii sensitiie to hormonal changes 

Castration in thirti one out of foitylice cases caused niodeiate to complete le 
pssiou of the neoplasm, including both local and metastatic lesions Stilbestiol 
-iiid X radiation of the testes also cause legiession, nheieas testosteione causes an 
* crease' in the giontli of the tumoi, and in pam and other sjinptoms 
'"°The piostate noiinallj contains acid phosphatase - — - 
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jjj tjje Common Duct Giving Eise to Pam Simulating 
Eeflexes g'' and H. P. Eoyster (bi mutation;, Philadelphia — 
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duct cause, in tlieso cases, reflex spasm of flie coronary arteries. TJiere may or may 
not Ije intrinsic coronal y disease witli tlic superimposed spasm. 

In t^vo cases relieved of anginoid pain bj' remoral of .stones from tlie common 
bile duct tlie authors nero able to elicit the .=amc pain after operation by distend- 
ing the common bile duct by injections through the T tube. 

In the discussion, C. Gr. Mixter, Boston, reported three cases relieved of residual 
postcholecystectomy colic following lower dorsal .sympathectomy. G. J. Heuer, 
Ji^ew York, presented statistical data show'ing that there is a higher incidence 
of hypertension and cardiorenal disease in peoide with gall bladder disease than 
in those of the same age without this disease. J. A. Wolfer, Chicago, cited a 
case with the reverse situation, that i«, coronary thrombosis with sjTnptoms of gall 
bladder colic and a normal gall bladder. He aho presented a ca^e with a diaphrag- 
matic hernia which gave rise to symptoms and electrocardiographic erddenee of 
coronarj- disease. 

Tests of Hepatic and Pancreatic Function in the Differential Diagnosis and 
Preparation of Patients With. Lesions of the Biliary Tract, William D. Andrus 
(by invitation}, Jere W. Lord, Jr., and Michael Lake, ICew York. — The level 
and the response toward noimal in prothrombin time to the paienteral administra- 
tion of vitamin K is a guide to the functional status of the Inei. By an analysis 
of the duodenal contents for the presence or absence and character of pancreatic 
ferments it is possible to determine the presence or absence of a concomitant ob- 
struction of the pancreatic duct in 3 uundiced patients. Yeast contains a factor 
which aids in protection and regeneration of the liver as do caihohydrates, proteins, 
and choline. Avoidance of anoxia, which is voiy deleterious to the liver, is im- 
portant. 

In the discussion, I. S. Eavdin, Philadelphia, stated the simple truth that tissues 
can be built in regeneration only from proteins. Caibohydrates are essential to 
this process but aid only as protein sparing substance.s. The best piotcins for pur- 
poses of regenoiation are tlie proteins of the liier itself. Cjstine does give some 
protection to the lucr. 

VitaUium Tubes in Biliary Surgery, Herman E. Pearse, Eochester, X. Y. — ^In 
construction of bile ducts it is very desirable to preserve the sphincter of Oddi and 
so prevent regurgitation from tlie duodenum. Vitallium tubes for permanent bndg 
mg of defects in the common and licpatic ducts were demonstrated. The^e included 
a variety of design such as Y tubes to meet the various circumstance.s which might 
be encountered and a small tube for repair of chronic pancreatic fistulas. A few 
illustrative cases with very satisfactorj- icwilts were presented. 

In the discussion, H. M. Clute, Boston, reported one ca»e with a satisfactory 
result. E. W. Kockey, Portland, reported satisfactorj- results in experimental 
animals with metallic magnesium tube'-. W. G. Maddock, .Vim Arbor, reported his 
experiences with the tubes in two ca'-es, both unsatisfactorv-, followed by chill=, feier, 
and icterus. 

Carcinoma of the Pancreas and AmpuUary Eegion, With Eeport of Six Addi- 
tional Cases, Samuel C. Harvey, and Ashley W. Oughterson, Xcw Haxen. — Two 
<a‘'C‘- were reported in which the bodj of tlie pantreas was ic*-ected for carcinoma, 
and two cases in wlm-Ii the head of the pancreas and the duodenum were resected 
for carcinoma. 

In the discussion, A. O. Whipple, Xew York, reported a recently collected 
«enes of sixty four ca»es of ro'-ection of the duodenum and head of pancreas. Of 
thc^e, .'15 per cent were done in one stage. Two i-ases followed oier two vears have 
■•hown no ill effect from lo'-s of pancreatic juices; both can take SO per cent of the 
normal amount of fat without digc'-tiie disturbance. T. G. Orr, Kansas Citv, and 
V. C. Hunt, I.os .\ngoles, reported their experiences with four and fixe cases 
rospcctixcly. ’ 
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Jn (lie (liseiissioii, E. A. Graham, St. Louis, sfated that ho hud sutured free, 
IIS M-clI IIS pcdieJc, fjriifts of pleura orer the stump. N. S. Shenstoue, Toronto. 
demoiis(rii(ed it riietJiod of e/osiire oi (he sfiiuip in udiicii the hrouc/ius ^vns crushed 
mid Jifjiitcd pro.viiiiiil (o the suture Jiiie. A. Ochsner, Xoh’ Orleans, stated that in 
11 series of (liirty-two pneiinioneetoniie.s the Iiroiicliial stump opened in three and 
in two of these x-ray therapy had liecn given iireopcrativelv. 

Transthoracic Besection of Tumors of the Esophagus and Stomach, Edward D. 
Churchill, and Eichard H. Sweet (In- invitation), Boston.~In a series of twenty- 
one cases of careinonia of the mid-]>ortion of the esojihagtis, nine were resectable 
and of these, three survived and are living and well. They were resected by a 
nioditied Torek operation. An equal series of carcinomas of the distal one-third 
of the esophagus and cardia of the stomach were presented. In 23 per cent there 
were inetiistatic glands below the diaphragm along the lesser curvature indicating 
necessity of preliminary laparotomy. Besection was accomplished through a left 
thoracotomy wound, iSince the esophagus h.as no serosa, accurate approximation 
of the mucosa in the anastomosis is c.«sential. 

In the discussion, D. B. Pliemister, Chicago, reported twelve cases, with eight 
immediate survivors. There were seven of the lower third and cardia, with three 
survivors. A. Ochsner, Xew Orlcan.s, stated a preference for the two-stage opera- 
tion dividing the gastrohepatic omentum through the preliminary laparotomy 
wound and prefers the riglit thoracotomy approach for resection. It is important 
to anchor the stomach when it is drawn up through the incised diaphragm. 


The Use of Oxygen in the Treatment of Transudation and Exudation Into the 
Lungs, Cecil K. Drinker (by invitation), Boston. — The lungs have ricli lymphatic 
systems which drain into the right innominate vein. In presence of anoxia there is 
increased flow of lynqih from the luugs and an increased permeability of the capil- 
laries. Obstructed and forced breathing increases the flow of Ir-mph and aith anoxia, 
Ivmph exudes into the alveoli and interstitial spaces. This coating of Ij-mpli pre- 
vents air from reaching the capillaries and make.s resuscitation impossible. Early 
recon-nition of disturbance of lymphatic flow and prevention of its exudation by 
prompt relief of obstructed and forced breathing and the administration of oxygen 
must be done before the irreversible stage is reached. 


The Treatment of Metastatic Cancer of the Prostate, Charles Huggins, Chicago. 

many instances cancer of the prostate is very sensitive to hormonal changes. 

Castration in thirty-one out of forty-five cases caused moderate to complete re- 
■* n of the neoplasm, including both local and metastatic lesions. Stilbestrol 
.ad X radiation of the testes also cause regression, whereas testosterone causes an 
• e' in the gl■o^^th of the tumor, and in pain and other sj-mptoms. 

ostate normally contains acid phospliatase. This is much increased with 
j-lie p ‘ plood acid phosphatase. An increase of acid phosphatase of 

carcinoma . carcinoma of the prostate. Just as castration and stil- 

the bloo IS of the neoplasm thev decrease the blood acid phospliatase, 

hestro) cause rcgiessmu 

a nnverselv testosterone increases it. 

aiio, cou'BJs .j, nietastases were presented showing amazing temporary 

Cases with ovm'otonis and di.<=appearancc of all evidence of the neopla.sni 

oures with Tciief of all sj l 

following castration. 

^ f in the Common Duct Giving Else to Pain Simiil.ating 

Eeflexes and H. P- Eoyster (by invitation), Philadelphia.— 

Angina Pectoris, I- ■ ^ lesions in the common bile duct. The nttacUs of 

Psendo-aiigina „ina pectoris, are prone to come on at rest in bed at night 

while classical ot ang syndrome. They may present eleetroenrd.o- 

i’«re not associated " ‘ ,V,=ease which disappears as do the .symptoms after 

grlphic '^^'^®f®/4eTc5ion"of t'he common duct. .Sfinnili arising in the common 


sutgr 


ical 
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In the discussion, Cox, stated that amino acids regenerate plasma proteins 
equally wmll when administered by either oral or intravenous routes. O. H. 
Wangensteen, Minneapolis, said fhat surgeons must become more alert to the im- 
portance of nitrogen metabolism and the protein needs of surgical cases. The 
administration of amino acids causes little or no regeneration of plasma proteins 
because they are immediatelj’ utilized. B. Elman, St. Louis, stated that the col- 
loidal property of amino acids was about the same as that of glucose and much 
less than that of plasma. In closing, A. Brunschwig, Chicago, stated that the use 
of amino acids was contraindicated in cases with damaged livers. Severe reac- 
tions occur in these cases. Casein can be given subcutaneously in 3 per cent solu- 
tions of distilled water. 

The Nature and Eunctions of the Various Plasma Proteins and Other Possible 
Therapeutic Uses, Edwin J. Cohn (by invitation), Boston. — Plasma can be frac- 
tioned and the individual fractions utilized separatelj'. The water-holding protein 
molecules of albumin exert approximatelj' 80 per cent of the osmotic pull of whole 
plasma. Almost pure crystalline human albumin has been isolated and packaged 
in 25 per cent solutions for use of the armed forces. The albumin fraction of 
bovine plasma is almost identical to that of human plasma in its physiochemic 
properties and should be well tolerated by man. It is now undergoing clinical 
trial. As by-products of fractionations of the large quantity of plasma used in 
the study of human albumin, pure fibrinogen, thrombin, and prothrombin have been 
prepared and studied. TOien tliese fractions hare been applied to oozing surface.?, 
bleeding has stopped almost instantaneously. 

Observations on 1,000 Intravenous Injections of Hydrolyzed Casein in Post- 
operative Patients, Bobert Elman, and E. Bradley (by invitation), St. Louis. — 
Out of 1,000 intravenous injections of hydrolyzed casein (Amigen*) to patients, 
postoperatively there were only two severe reactions (allergic). There were ten 
instances of chills and fever and incidence of phlebitis did not exceed that which 
occurs with glucose. Amigen was used in 2% per cent and 5 per cent solution 
added to the glucose solution. 

Becent Experiences in the Eiagnosis and Treatment of Thrombophlebitis of 
the Lower Extremity, Jacob Eine, Boston, — When the occurrence of phlebitis of 
the femoral or iliac veins is obvious or suspected some corroborative evidence can 
be obtained by venography, and the site and e.xtent of the thrombus determined. 
The associated spasm of the veins may simulate filling defects and lead to error 
in interpretation. Ligation and division of the femoral or iliac vein proximal to 
the thrombus prevents embolization and is indicated as a prophylactic procedure. 
The distal end of the vein is opened and the clot removed bj' aspiration. The 
femoral vein should be ligated proximal to the vena profunda. Several venogram.? 
demonstrating filling defects, spasm, etc., were shown and also cases in which 
emboli were showered repeatedly until ligation was performed above the thrombus. 

In the discussion, A. Ochsner, New Orleans, reported ninety-one cases in which 
phlebitis had been promptly relieved and cured by novocain injection of tbe 
lumbar sympathetic ganglia. Only when embolization as evidenced by pulmonary 
infarction takes place is venography and ligation indicated and justifiable. L, S. 
McKittrick, Boston, .stated that venography is inconclusive as to information and 
is a hazardous procedure. He favored high ligation in selected cases. 

An Experimental Approach to the Problem, of Menstrual Disorders, John C. 
Burch, and Doris H. Phelps (bj- invitation), Nashville. — Experimental studies were 
reported relative to the etiology of glandular cystic hyperplasia of the endo- 
inctrium . Ovarian failure results from both intrinsic and extrinsic factors. It 


•Mead Johnson & Cp, 



(576 


SUnOKRY 


Spontnncoiis Internal Biliary Blstiilac, Charles B. Puestow, Chica^'o — e\ 
jK'nento with 'iiNtecii (mm's wifli sjioiitiincous infcni'il hilinri lislulao was reported 
TJio'iO listiilao eonimiiiiK afed with (Jip sloiiiath, lolon, diiodenurn, and tlioledochus 
There was a niortalilv of 3!) per cent m the series. Prom refluv and ascending 
inlection, se\cral cases had so\erc cholinigitis. Icterus may be due to this factor 
or to obstruction. In most instances \ ray was diagnostic. 

In tlic discussion, H. H. Trout, lloaiiokc, discussed the occurrence of obstruction 
of the bowel associated with listuhic, occasionallj caused by large stones extruded 
into the gastrointestinal tract through the fistula. J. M. T. Ptnney, Jr., Baltimore, 
reported two cases with multiple fistulne, one witli listulac between the gall blad 
der and stomach and duodenum and colon and the other between the gall bladder 
and colon in a case with actinomycosis. J. D. Bisgard, Omaha, reported a case 
of lymphosarcoma in which the barium given by mouth lilled the common duct, 
thus loading to an erroneous diagnosis of fistula. By retraction the tumor had 
rendered the duodenal end of the common duct patulous so that barium passed 
into it from the duodenum. The duodenum in this case was resected by a one 
stage Whipple operation. 


Tissue Eeaction to Bibbon Catgut and Preserved Ox Fascia Lata Stnps, 
Amost E. Koontz, Baltimore. — Strips of ox f.ascia lata, if properly prepared, hare 
certain advantages as suture material. They cause negligible reaction in the tis 
sues and are not absorbed until replaced by' fibroblasts which readily' infiltrate 
them. They are also soft and pliable 

In the discussion, D. B. Phemister, Chicago, stated that tissue reaction to catgut 
resulted mainly from the fluid m which it was presen ed. These chemicals should 
be soaked out. J. A. Key, St Louis, found no foreign body reaction around o\ 
fascia in experimental animals. 


The Mechanism of the Action of X-ray Therapy Upon Infection, J. Dewey 
Bisgard, Howard B Hunt (by in\ itation), Orvjs A Neely, and Paul Scott, Omaha — 
Exidence that in rabbits \ radiation causes the liberation of a nonspecific anti 
toxic factor was piesented This factor was piesent in the peritoneal fluid and 
blood serum of these animals within twenty' four hours after irradiation, reached 
a peak of effectixe concentration in foity eight hours, and was dissipated within 
seven daj'S This antitoxic substance caused surxnal of animals receiving a 
lethal dose of the toxins of both hemoly tic Lscherjclna coU and diphtheria When 
serum from ii radiated animals was injected into normal stock animals a certain 
n pe of passive immunity' to these toxins resulted This is at least in part an 


explanation of the beneficial effect of irradiation of infection 
In the discussion, F. L Meleney, hfew Yoik, stated that 


in addition to toxins. 


chemical substances which are irritating to the tissues cause the develop 
various^ nonspecific antibodies A. Brunschwig, Chicago, in a study of cutaneous 
nient o ^ senes of animals found that x radiation reduced inflammatory' 

infections i -nrevent suppuration and necrosis or hasten resolution and 

reaction but did not pr 

healing. 

the Loss of Nitrogen in the Immediate Postoperative Penod, 
Observations o Dwight E. Clark (by invitation), and Nancy Corbin, 

Alexandar Bruns of daily nitrogen balance studies during the first 

Chicago — Besults we j„ajor operations in forty one cases As a result of 

period followi g , 


ten day 


protein catabolism there wa eases save those in winch the patients recened 

excretions exceeding in a jo,, ,n unsupported cases was 14 Gm. 

narenterally • of a 30 per cent solution of hydrohred 

Cxeral patients who receix d 00 

!asein daily occurred from the use of casein 

Some 


a large negatixc balance (the loss of nitrogen in all 


moderate transitory 
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j-ear or more; liealcd process as observed by sigmoidoscopic examination; and dis- 
tensibility, adequate lumen, and absence of obstruction, as determined by barium 
enema. If early ileostomy is elected for ulcerative colitis, the general mortality 
n-ill be lower, complications will be reduced, and fewer permanent ileostomies will 
be necessarj^ Closure should be effected by suture of ileum to ileum. 

Indications for ileostomy are (1) acute fulminating type of disease, (2) failure 
of medical management, (3) perforation, (I) hemorrhage, (5) obstruction, and 
(6) polypi. 

In the discussion, H. W. Cave, Kew York, urged earlier use of ileostomy but 
cautioned that it should follow only after an adequate trial of medical treatment 
had failed. W. E. Ladd, Boston, reported three cases of ulcerative colitis in 
infants less than 6 montlis of age. Seven children in which ileostomies have been 
closed have remained well. 

Skin Removal in Radical Mastectomy, William Crawford White, New York. — 
Follow-up observations of 251 cases that had had radical mastectomies for car- 
cinoma five and -more years previousl 3 ' showed that local recurrences and the mor- 
talitj' rate were not influenced by the extent to which the skin was excised. 
Man}' developed local recurrences but death resulted from distant metastases rather 
than local recurrences. 


REPORT OP THE MEETING OP THE AMERICAN ORTHOPEDIC 
ASSOCIATION, BALTIMORE, MD., JUNE 3-6, 1942 

Guy a. Caldwell, M.D., New Orleans, La. 

T he members of the Association were guests of George Bennett and associates 
at Johns Hopkins Hospital, Wednesday, June 3, 1042. Winthrop Phelps, Balti- 
more, who has done a great deal of special work on spastic paralysis, demonstrated 
the diagnostic and prognostic value of injecting procaine hydrochloride into spastic 
muscles. A few cubic centimeters of procaine hydrochloride injected into the 
body of the paralyzed muscle will not only relieve the spasm but will permit nor- 
mal activity of the opposing group of muscles. The surgeon can thus make a pre- 
operative estimate of the extent of actual contracture and of the possibility of 
improved function in the opposing groups of muscles. 

Kellogg Speed, Chicago, presented the history and slides of a patient who sur- 
vived osteogenic sarcoma with numerous metastases in the lungs for approximately 
twenty years. Throughout this time the metastases gradually decreased in size 
without any particular treatment. The patient was subjected to numerous studies 
to ascertain, if possible, why the pro%'ed malignant tumors became stationary or 
regressed rather tlian advanced, but no satisfactory solution was found. 

Henry Meyerding, Rochester, Minn., discussed spondylolisthesis. At the Mayo 
Clinic, between the years 1932 and 1938, there were 876 cases, 143 of which were 
operated upon. Analysis of the operative cases revealed that the results were 
excellent. Tiie technique emplo}'ed in the majority of cases consisted of exposure 
of the spinous processes, laminae and articular facets of the fourth and fifth 
lumbar vertebrae, and of the first three sacral segments. The articular facets were 
curetted, shavings reflected from the laminae, as in the Hibbs’ procedure, and a 
double bone graft, taken from the tibia, was placed alongside the spinous proc- 
esses which were not broken down. In addition, bone chips and shavings from the 
tibia were placed around the sides of the grafts to build up a rather massive lot 
of bone. Following operation, a simple dressing was applied and the patient al- 
lowed up with a reinforced canvas support at the end of three to six weeks. 
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lOMiiltccI from i)!iiti!il ooj)]ioi(‘tlom\, p.iitiii! tli 3 roulcctomj , and partial lijpoplo 
suctomj'. 'i'lio male lioriiioai: cauMud reprc^-sion ulnle csterogpiuc substances 
caused regiession. 

In the discussion, J. V. Meigs, Boston, staled tliat tumors ^^Illch produced the 
male sex iiormone cause ameiioirlie.i and that the cndomotnuiii uliicli is under 
liormoiial iieuroi astiilai control is inilnenccd In maiij' factors. 


Vitamin Delicioncy as a Pactor in the Etiology of Surgical Diseases of the 
Digestive System, Frank K. Boland, Atlanta — In countries nliore fresh foods 
form the chief diet, to the exeiiiMon of foods presersed by canning and other 
methods, peptic ulcer, gall bl.iddei disease, and appendicitis are almost iiiihiionii 
Lon incidence at these diseases exists among the Negroes of the South uhose 
diet ujipi ouches that of prinutuc people. Among vliite people luing in the same 
coiiimiinitios uiid eating sophisticated foods, these diseases aic far nioie common 
These facts maj aceoiint in pai t for the rantj- of ulcer, gall bladdei disease, and 
ajipendicitis befoie the dcielopment of the ait of piesenmg food Aititieial 
piesen atioii of foods destiois or impaiis tlieir citainiii content Surgeons should 
bo concerned uitli the iiioioiitioii of these diseases as nell as their diagnosis and 
tioatineut. 

In the discussion, C. 0. Lund, Boston, stated that although some cases uith 
peptic iilceis shou deficiency of citaiiiin C, there is no consistent lelationshiji and 
no clinical or cxpeiimental eiidence in man to attribute ulcer to iitamin C 
deficiency. 


Appendicitis m Infants and Children. A Fifteen-Year Eeview, Giover 0. Fen 
berthy, Clifford D. Benson (by mutation), and Charles N. Weller, Detroit — In a 
soiies of 1,053 childrou under 12 yeais of age, iiith acute appendicitis, theie ivero 
soicnty SIX deaths, au ovei all moitabty ot 4 2 pei cent. In the unruptured cases 
the mortality ivns 0 41 poi cent, iiiiile in ninety four cases nith diffuse peiitonitis 
it Mas Of 9 pei cent In eases nith perfoiation and spreading peritonitis, non 
opeiatiie therapy' including clieniotlieiapy, paienteral fluids, and gastric siphoiiage 
was employed Diainago nas instituted early for all large abscesses and late foi 
small ones The type of incision did not influence mortality The eiidence iias 
incoiicJiisii e relatiie to the contioiersy of immediate or delayed operation in 
cases Mitli diffuse or spieading peritonitis There iias a loiiei moitabty m the 
'roup of cases mIiicIi leceiied clieinotlieiapy 

In the discussion, W. 0. Ladd, Boston, repoitod 0 42 per cent mortality in liis 
of nonruptiued cases and a reduction fioni G to 4 per cent in ruptured eases 
^'"Ttho adient of chemotherapy Ho condemned the indiseiiminato pi notice of 


delay mg operation 


F. A. Coller, Ann Arboi, emphasized the importance of early 


n 111 acute appendicitis by reporting a senes of 2,700 cases of acute ap 
operatio 'gQjjege students, urtli only three deaths As a result of student 
pciidicitis in these cases nere operated early D. E Eobertson, Toionto, 

health m eliildreii nitli only too deaths and stated Ins belief that 

reported 1, I,, failure to control and rebel e distention E Elman, 

death is usua y iinnoitaiice of plasma and oxygon therapy for the \ eiy 

St Louis, stressea im- i 

ill patients 

mv in Ulcerative Colitis, Eichard B. Cattell, Boston 
of Ileo^s^o^ ileostomy m patients nitli ulcontiio colitis m or 


Closure 


The 
ordoi to 


author proposed e-uy of the disease, before irreicisible structural 

obtain the earliest possi ileostomy may then he disconnected in some 

changes in the colon j,,o mtcstmal tiact. Nine pitients had closure 

cases restoring the V oper.itnc mortality, hie Mere siicicssful, «ifh no 

% their ileostomies Mitli ^ recurrence in three The selection of cases 

.. jpo, and only 1 ,1 clinical remission nmint.iincd for one 


rccanencein i' ; 

for rcnioial ot 


based' upon clinical remission nmint 
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to be ambulatoiy early in the treatment with good end results. He felt that the 
method is well adapted to a certain number of eases under suitable conditions. 

Perrin Long, Baltimore, reviewed the subject of chemotherapy in the treatment 
of wounds. For local implantation, he advised .sulfanilamide crystals of the size 
comparable to table salt. Sulfanilamide should be dusted over the surface of the 
wound; if the wound is to be closed, only light frosting of the drug is recom- 
mended. When wounds are to be left open, the drug should be sprinkled over the 
surface in such a rvay as to give the appearance of a heavy frost. 

On Friday, June 5, an interesting .symposium on the treatment of anterior polio- 
mj-elitis was given. Carefullj' analyzed end results were presented bj various men 
to evaluate methods of treatment in various stages. 

Arthur Steindler, Iowa Cit3', discussed Departures PrOm the Principals of Abso- 
lute Pixation in the Treatment of Anterior Poliomyelitis showing that absolute 
fixation of paralj’zed extremities has manj’ demonstrable disadvantages to both 
paralj'zed and unparalyzed muscle. 

Plato Schwartz, Rochester, N. Y., presented experimental evidence of spasticitj' 
of muscles in anterior poliomj-elitis. Evidence of spasticitj' e.vists in muscles which 
apparently have never been affected as well as in the antagonists of the paralj'zed 
groups. He further demonstrated relief of the .spasticitj’ after the u.se of hot 
packs over the affected muscles. 

These presentations led to a discussion of the Kennj' treatment in the earlj' 
stage of poliomj-elitis. The reports of various observers indicated that the treat- 
ment renders the patient much more comfortable, is probablj- most helpful in cases 
in which there is respiratorj- paralj'sis, and makes possible a program of earlj' 
muscle training which is particularlj' helpful to those who are not so seriouslj' 
paralyzed. It was pointed out by others, however, that some of the eases most 
publicized as having been actuallj' cured were onlj’ slightlj’ improved, as indicated 
by accurate muscle tests. In general, it is believed that the end results of this 
treatment are similar to the results obtained bj- the old methods of treatment. 
Host of the reports indicate, however, that the Kenny treatment, perhaps slightly 
modified, will prohablj- be generallj' adopted for treating the acute stage of polio- 
myelitis. Patients, thus treated, will probablj' be more comfortable and will re- 
cuperate more rapidly but there will still be about the same proportion of cases 
with residual paralj'sis tliat require bracing and corrective operations. 

LeRoy Abbott and associates of San Francisco, presented a moving picture 
demonstration of an operation for “Arthrodesis of the Wrist Joint.’’ In it thej- 
emphasized the wide range of usefulness of this operation in paralj’tic conditions 
and arthritic processes involving the wrist joint. 

Arthur G. Davis, Erie, Pa., discn.ssed a small series of compound fractures of 
the extremities with large wound areas treated bj- careful debridement in the earlj' 
hours, implantation of sulfanilamide, closure of tlie wound (even if skin grafts 
are necessaiy), and the application of pressure dressings similar to those used bj- 
the plastic surgeon in hhs routine skin grafting procedures. He demonstrated a 
number of forearm, hand, and leg fractures with excellent function following such 
treatment. 

W. E. Gallic, Toronto, presented a group of fractures of the odontoid process, 
most of which liad not been recognized until it was possible to use the lamina- 
graph. Patients who suffered pain and in whom there was evidence of nonunion 
were successfully treated bj- tlie use of a bone graft and wire interposed between 
the spinous processes of the first and second cervical vertebrae. In these cases, 
the pain wjis relieved and a useful range of motion was retained. 
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Philip D. Wilson, ?Cc\v York, dernonstmtod ii inetuI plate, properly shaped to lit 
tlie liimbosacral curve and adapted io inlcriial ilxatioa of the lumbosacral region. 
The plate extends from the spinou.s proce.s.s of the fourth lumbar to the second 
.sacral vertebrae and is fastened to each of them with a small bolt. After the 
plate i.s ti.vcd in place, an ostcoporiostcai graft from the tibia is placed over the 
denuded bone, as in other operations for .spinal fusion. By this method of internal 
tlxation the immediate postoperative pain is relieved, the period of bed treatment 
is shortened, the necessity for braces or fixation in plaster is eliminated, and 
earlier and more complete fu.sion is insured. Early results in twelve cases in 
which the operation was performed were excellent. 

One of the highlights of the meeting was the visit of J, A. MacParlane, Colonel, 
R.C.A.Jr.C., Surgical Consultant of the Canadian Active Service Force, who had 
been brought to this country by the Canadian government in compliance with the 
reqiiest of the President of the American Orthopedic Association to discuss the 
management of wounds encountered in modern warfare. He emphasized the im- 
portance of the immediate performance of surgical measures as the most effective 
means of preventing infection including gas gangrene. Chemotherapy was re- 
garded as a valuable adjunct but he emphasized that it should not be .sub.stituted 
for surgical measures and could not compensate for incomplete debridement. He 
stressed the necessity for small, mobile, .surgical units built into fast-moving trucks 
and so equipped that it is possible to operate within thirty to sixty minutes of 
arrival at a given post. The surgeons for such small units are necessarily young 
and strong but they must bo competent in the surgery of trauma. JIacFarlane 
approved the measures for the treatment of shock provided by the army at present 
in most places. He was of the opinion that the implantation of sulfonamides in 
the wound following debridement and repeated in subsequent dressings was prob- 
ablj' a valuable adjunct to treatment only when adequate surgical measures were 
instituted early. He further emphasized the nocessitj' of leaving all such wounds 
open. Infection, and particularly gas gangrene, had often resulted when attempts 
were made to close the wounds following debridement in the forward areas. He 
stated that w'hen properly used the closed plaster method described by Trueta was 
proving satisfactory for most compound fractures. He advised, however, that in 
the case of fractures of the femur, in addition to the plaster, traction should be 
provided as soon as it could be adequately maintained. The use of to.xoids in 
Canadian and British forces has proved most efficacious in the prevention of tetanus. 


B. E. Hook, Captain, U.S.H., Washington, D. C., made an appeal to the assembled 
teachers and instructors in orthopedics in the various universities and hospitals 
throughout the country to make their te.aching as practical and general as possible 
for the benefit of the men entering the array and navy medical services. He stated 
narticularly in the navy, men must be general surgeons and good physicians 
^ meet any emergenej^ on board. In many instance.s, the working quar- 
prepar , restricted, particularly when the ship is in action, and the treat- 

ters on completed on the .same ship. It appears that under existing 

nient mar • ^ tittle opportunity for transfer of men and evacuation of the 

conditions srgested that the third- and fourth-year .students .should give actual 

wounded. o ■" _J^^ie,^ts in the clinics and wards in order that they might be 
treatment to their military duties. He felt that many of the special 

better able to P^ in order to let the .student do more practical work- 

courses might sa encounter in service. 

of thetrpe jfinn., who has been serving at tlie American Ho.s- 

■Wallace Cole, , moving pictures of "Pin Fixation in War Fractures." 

uital in England, presen the bones in the nrm.s and leg.s have been 

A number of method of Eogcr Ander.son. The patients were permitted 

treated by the two-p> 
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A Textliook of Neuro-Anatomy. By Albert Kuntz, M.D. Ed. 3. Pp. .518, udtli .307 
illu.strations. Philadelphia, 3912, Lea and Febiger. $6.00. 

This third edition, so completely revised that it is practically a neu' textbook, is 
one of a number of tc.xts on neuro-anatomy ivhich have been published recently. 
It is a well-balanced text for the elementary student. The figures are of the standard 
type without special features. 

Each chapter, except the last or twenty-sixth, terminates in a summary which is 
brief yet sufficiently inclusive to be useful for review. The final chapter is a 
laboratorj' outline, thirty pages of which are devoted to this subject, and the final 
thirteen pages are clinical case reports, illustrating anatomic lesions. 


Operative Surgery. By F. tV. Bancroft, A.B., M.D., F.A.O.S., Associate Clinical 
Professor of Surgery, Columbia University, Ed. 1. Pp. 1102, with 250 illustra- 
tions, New York, 1941, D. Applefon-Century Company, Inc. 

This volume, under the authorship of many well-known American surgeons writing 
upon subjects of their special interests, is an unusually good one. A note by the 
editor, F. W. Bancroft, suggests that this is the first of a number of volumes on 
operative surgery. The volume deals with general principles of surgical technique and 
abdominal surgery. There is a chapter on surgery' of the esophagus and another on 
tlie mouth. The volume, therefore, deals essentially with the alimeutary canal and 
its appendages and the peritoneum. In many ways, the book is a superior work and 
deserves to be in tlie liands of all who essay to do general surgery. The high light 
of the volume to tlie reviewer’s way of thinking is the section on surgical manners 
and etliics written under tlie joint autliorship of M. M. .Stevenson and Mont R. Reid 
of Cincinnati. 

Two of the .sections in the monograph have appeared in larger monographs previ- 
ously and the material here is, in a sense, the same in more concise form. There is 
some duplication in the effort throughout the book, wliich suggests a lack of editorial 
supervision. Three authors describe and depict operations for subpiirenic abscess. 
A number of tlie illustrations fail to come up to the general standard of excellence 
expected of a work of this character. Indeed, it is not a little surprising that the 
editor did not exert Ids editorial prerogatives of demanding or seeing to it tliat only 
satisfactory' illustrations were included. However serious these criticisms appear 
to be, the monograpli contains so much fine material that tliese defects may be over- 
looked readily. If the volumes to come live up to the promise suggested in tliis one, 
it will I)c an unusual surgical monographic serie.s. 


Surgical Practice of the Lahey Clinic. By Frank H. Lahey. Ed. 1. Pp. 897, with 
370 illustrations. Philadelphia, 1941, W. B. .Saunder-s Company. 

Ibis monograph is constituted essentially by a series of papers published previ- 
ously, the majority of which appeared in 39.39 or 1940; some, however, were published 
ns long ago ns 19.17 and litlS. IJr. I^rhey's intcre.st in the standardization of tech- 
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Bnice Gill, Piiiliiilclpliiii, 2 )ruscnte(l an end-rosiilt study, ovor a long period of 
years, of cases of coiigciiital dislocation of llio hip treated by liim. This review 
is too valuable to bo summarized; it should be carefully studied by everyone inter- 
ested in this condition. 


Carl Badgloy, Ann Arbor, gave a brief review of a number of case.s of sponta- 
neous fracture of tlie neck of the femur following radiation for pelvic malignancy. 
Ho attributed most of those to the fractional method of treatment that was used 
in certain cases. It was interesting that most fractures united without difficulty 
but with some distortion and deformity unless they were nailed in proper po.sition. 


John Wilson and Brancis McKeever, Los Angeles, reported a group of cases of 
osteomyelitis treated with sulfonamide drugs. The results were a distinct improve- 
ment over those of a former series of cases in which the drug was not used. 

An unscheduled presentation was given by- Donald E. Webster, Commander, 
Canadian Navy, on Immersion Foot. During the past year he has observed 142 
victims who had been exposed in lifeboats or on rafts to cold water for a period of 
time varying from three days to three %veeks. Prolonged immersion in cold water 
caused the feet to bo cold, white, swollen, cymnotic in spots, numb, and lacking in 
tactile sensation. Bapid swelling, increased heat, and the appearance of blebs over 
the distal portion of the toes and sole of the foot resulted and was followed, in the 
severest cases, by gangrene. These patients were treated by refrigeration. When 
heat was used, gangrene with its tragic results developed. In the mild and mod- 
erately severe cases, within a period of from thirty to sixty days complete re- 
covery was obtained by careful cleansing, application of ice bags over which in- 
sulating material was wrapped, and elevation of tlie extremity. Tile less severely 
injured patients suffered only some loss of tissue in one or more toes and the 
worst typ6 of case required amputation. 


J. A, Freiberg, Cincinnati, reported a series of appro.vimately fifty cases of 
spinal fusion performed under a local anesthetic. He noted that this could be 
easily done, even in children. Some difficulty was encountered in obtaining grafts 
from the tibia because of pain arising from the endosteum. For this reason, a 
hole was drilled through the cortex into the marrow cavity at either end of the 
field from ivhich the graft was to be taken. About 1 c.c. of procaine hydrochloride 
solution was then forced slowly into the marrow cavity' at either end. Apparently, 
this sufficiently' eliminated sensation from the endosteum to enable painless re- 
moval of the graft. 

Fred M. Allen, New York (by invitation), presented a paper on Eefrigeration 
cu-tipsia for War Injuries of the Extremities. He reviewed the work that had 
(lone at the City Hospital in New York in aged persons with diabetic and 
been ( gangrene of the extremities. In these cases a tourniquet was ap- 
arteries proper level after the area had been desensitized by' the application 
plied a Morphine was administered, a tourniquet applied, and the extremity 

of ice bags. slightly' above the level of the tourniquet. Amputation 


in ice up to 

paeKeu m formed below the tourniquet, which was reapplied after the operation 

was then per extremity was continued for several days po.stoperativcIy 

Befrigeration o If oas gradually discontinued and the tourniquet finally 

during th® healing P ivere obtained. This technique was used in cases of 

removed, Excellen Ijm vessels were so .severely injured that amputation 

compound fracture in that ambulances and trains should be properly 

vras necessary'. If ooits so that such injuries could bo immediately frozen, 

equipped with rtation for an indefinite length of lime without the ri.-k 

This would or additional shock, 

of progress of mteci 
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THE PLOW OP LY^MPH PROM BURNED TISSUE, WITH 
PARTICULAR REPERENCE TO THE EPFECTS OP 
PIBRIN FORMATION UPON LWHPH DRAINAGE 
AND COMPOSITION 

WiLLi.«i W. L. Glexx, M.D., Delore.s K. Peterson, B.S., and 
Cecil K. Drinker, M.D., Boston, jMass. 

(From the Department of Physiology of the Harvard School of Pitblie Health) 

the problem 

TN A SERIES of papers summarized in 1938, Menkin’ presented the 
■t idea tliat inflammatoi'.v processes differ in tlieir tendency to spread, 
in relation to the local irritation they have caused. Inflammation has as 
its simplest elements, first, a great increase in capillary permeability, 
which floods the tissues with a slightly diluted blood plasma containing 
fibrinogen and prothrombin; second, a variable amount of tissue injury; 
and, third, migration of leucocytes. Tlie last of these three features of 
inflammation is of little importance to the subject matter of this paper. 

Menkin believed that l\Tnphatic blockage by thrombosis and the con- 
version of the extravascular milieu into a fibrinous clot are of paramount 
importance in checking the spread of inflammation. The formation of 
fibrin lymphatically and extravascularly is due to the free escape of 
fibrinogen and pi'otlirombin from the blood capillaries and the release 
of fhromiioplastic substances from injured cells. Menkin,^ 1935, summed 
up the issues involved as follows: "Powerfully necrotizing irritants 
produce as a result of an increase in capillary permeability and of 
lymphatic damage, an extremely prompt reaction, perhaps best termed 
firdtion. By this pi-ocess, the area of injury is mechanically circum- 
scribed and tile dissemination of the irritant is prevented. Siapkijlo- 
coccus aureus is an examjdc of such a bacterial irritant.^ Aleuronat 


Kccelvcd for publication, April 16. 1942. 
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inque in fho jicrloinmiioc of coit.nin opcratioriM is so nell knonn tint tins volume is 
bound to ntirnci the suipoon interested in finroid, hilwr\, gS'-tric, or eolonic surgery 
Tn addition, there arc extellcnt articles rciirintcd on certain aspects of thoncic, 
gynecologic, uiologn, ortliopedu and iieurologu surgeiy and anesthesia 

The \oluine e<in be rcconniicnded as lepresenting the practices of one of the strong 
surgical clinics in Ainerna feonie of the papers on the colon, in the light of present 
practices in other siiignal elmies, bare more histone than current interest. One of 
fho chief defects of such a lolunic is that it is incomplete, that is, many procedures 
of interest to the general surgeon are missing For instance, there are no p ipers on 
appendicitis, the pancieas, the spleen, and other subjects of inteiest to the abdominal 
surgeon; these defects are eien more apparent in othei proMnees of the general 
surgeon 


Pediatnc Gynecology. By Goodiieh C Schauffler. Pp 3Sf, nith C6 illustrations 
Chicago, 1942, The Year Book Biiblisheis, hit $5 

This unique book is the first of its kind and should bo heralded by all who see 
the immature female foi she belongs to a class of cases that often prove trouble 
some, with special and tactful appioacli being of prime importance It presents 
more than gynecologic diseases but the selected abdominal surgical, uiologic and 
proctologic diseases vvhich must be considered in a diffeiential diagnosis are cor 
rectiy^ included. The medicolegal implications in sei- crimes are presented and 
sound advice offered in a field with which the average physician is not conversant 
JMucli of the material included in this book has never befoie been published or 
has been widely seatteied in bnef communications on very narrow aspects of the 
subject Few physicians ever have an oppoif unity to see and tieat as many oases 
of this kind as has the authoi Embiyology and development of the female geni 
talia liav e been prev lously and adequatelv determined but the clinical phases are 
heie thoroughly treated foi the fust time Much of the material must be made up 
of the author’s evpeiience 

Worthy of partieulai mention aie the authoi ’s recommendations for complete 
ness in ei.amination and exactness in bacteiiologic diagnosis Many practical pro 
eedures are given foi gentleness in examination and tieatnient in order to obtain 
the cooperation of these y oung and easily alarmed patients Detailed bactenologic 
techniques are given, allowing the physician to pioceed without further reference 
to other texts Specific presciiptions aie given foi most infections 

The author’s use of the popular but iiiaccunte and unscientific term “meno 
metiotrlvagia” must be condemned Bikcwise, the designation of estrogenic or 
noftovulatory bleeding as menstiuation is uiifoitunate It must be pointed out 
fbat “to facilitate diagnosis” in cases with menoirhagia ‘‘cuiettage should be 
not "immediately preceding an expected menstiuation ” hut during 
sole of uterine bleeding and after it has continued for at least four days 
rVs'this diagnostic procedure is adopted, all phases of irregular shedding of 
-a ill be missed and thev should be common causes of menorrhagia 

the endometrium wui oi- 
at the menarche 
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minutes. A burn so produced was severe. The overljdng sldn was 
porky and blancbed except at the margin of the bum, where dilated, 
congested vessels were noted. Between the toes blisters formed in everj' 
case. The advantages of this procedure are; (1) It is susceptible to 
precise repetition from animal to animal, and in the different feet of the 
same animal. (2) Swelling is prompt and localized, and lymph can be 
collected from Ijunphatics immediately above the margin of the burn. 
(3) No break in the skin occurs for a number of hours, so that there is no 
external loss of fluid from the bum and no destruction of tissue not 
due to the burn itself. If burned tissue is a source of toxic substances, 
there is a maximal opportunity for their absorption. (4) It is easily 
possible to decrease and increase the amount of fibrin formation in the 
burned area, in the first ease by intravenous heparin injections, and in 
the second case by subcutaneous infiltration of tissue extract immediatelj’' 
after dipping the foot in hot water and before swelling begins. 

Exaviinations of Lymph . — It is a simple matter to cannulate Ijun- 
phatics above the ankle joint in the hind legs and above the radiocarpal 
joint in the fore legs. If neeessaiy, one can I’eadily find vessels at higher 
levels, that is in the groin or at the base of the neck. Control specimens 
of IjTuph were obtained by gentle massage of the foot. After burning, 
Ij^mph flowed spontaneously and in large amoimts. 

During prolonged eoUeetious of Ijnnph, coagulation in tlie cannula 
was prevented b}’ means of a uire M’ith a small loop at the end, which 
could be inserted into the cannula to the neck. From time to time the 
loop was dipped in dry heparin, which dissolved in the lymph as it 
entered the cannula and steadily checked the annojmnce of clotting. 
Lymph flow was measured volumetricalljL Protein was determined 
refraetometrically. Cell counts and changes in the color of the lymph 
were recorded as required, during experiments which lasted from 14 to 
24 hours. 

THE EXPERKilEXTS 

Immediately following the burn there was a spontaneous flow of 
Ijmph which increased rapidly over the first 3 to 6 hours and then 
diminished gradually during the next 20 hours. The protein per- 
centage likewise increased sharplj' and this increase was maintained 
until the end of the experiment. Tissue fluid protein, when quantitated, 
was approximately tlie same as the lymph protein. This fluid was ob- 
tained by puncture of the burned and swollen part with a small needle. 
A short time after the puncture is made the fluid collected is grossly 
similar to the lymph, a clear fluid, tinged with hemoglobin and clotting 
quickly unless heparinized. 

Fig. 1 shows the result of dipping the right front foot of a dog in 
boiling water for two minutes until the resulting Ijmph flow. The 
opposite foot was dipped in exactly the same way, but immediately after 
being removed from the hot water it was infiltrated subcutaneously with 
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is a cliomical irriiant of similar potency. Mild irritants, on the other 
hand, produce only a delayed reaction, thus allowing relatively free 
penetration of the irritant, into the circulation for a considerable interval 
of time. Occlusion of the dx'aining lymphatics in such instances often 
takes place as late as two days subsequently to the inoculation of the 
irritant. Hemolytic streptococci exemplify this type of irritant.” 

These very fundamental conceptions rest upon pci’sistent and arresting 
experimentation carried on over many years. The point to be borne in 
mind is not that inflammation is of itself circumscribed, but that the 
destructive character of the inflammatory agent is extremely important 
in the localizing process. The more nearlj’’ invading organism and host 
are compatible, the more readil.y the invader spreads. If, however, the 
irritant causes cell destruction and outpouring of plasma from blood 
capillaries, then extravascular coagulation begins at once and the whole 
extraxmseular environment becomes a blood clot, which extends into the 
lymphatics. If blood capillaries are open through such regions, they vdll 
pex’form their functions of deliver}^ and absoi’ption of water and solutes. 
But lymph dx-ainage with gradxxal spread of bacteria, "^druses, or certain 
poisons Avill become negligible. 

The relation of these generalizations to the problem of burns reached 
us through experiments by Field, Drinker, and Wliite,* 1932, who 
anesthetized dogs xvitli nembutal, eannulated a Ijunphatic from a hind 
foot, aixd then immersed the foot in boiling water for two minxxtes, thxxs 
caixsing a veiy severe burn. Swelling began at once and there was an 
enormous outpouring of fluid fx-om the blood eapillax-ies xvhich entered 
the lymphatics. Eventually a lymphatic end pressure developed which 
was that of the diastolic pressure of the blood. Lymph floxved freely 
from such a severely injured part during many hours. 


There is an apparent disagreement between this last finding and the 
idea that the severity of injury and the restriction of Ijnnph drainage 
correspond. Since burns have become a major problem in the present 
war and the issue of drainage from them of great moment, we have 
n taken experiments to study Ijunph flow from tissues severely 
r^'id by surface scalding, the extent of hnnphatie blockage and 
deposition of fibrin, and the possibility of shutting off 
extia\ by causing coagulation of all the fibrinogen eseap- 

the technique 


, of selecting a standard procedure which can be 

In burns, tne p ^ animal after animal is not so puxzUng as in 
applied compara of equal importance, 

the case of surgic consideration, it xva.s decided to use the 

The Standard Bnnu 1932, namely, dipping the 

simple method ,rith nembutal, into water at 100° C. for two 

foot of a dog, 
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instantly, and during 12 hours was not I'esumed. Two other lymphatics 
from the region wei’e eanuulated during this time but no Ijmiph could 
be collected. 

Fig. 3 shows, above, the normal front feet of an anesthetized dog. 
The lower photograph is of the same feet 1 hour and 45 minutes after 
immersion in water at 100° C. for two minutes. Immediately after 
burning, foot R was injected subcutaneovrsly with tissue extract- foot 
L was untreated in any Avay. It is clear enough that in foot B, where 
the exudate from the capillaries was caused to clot promptly and prob- 
ably completely by the tissue extract injection, swelling is far more 



Pig. 2.-— Three hours after 2 minutes’ immersion of a front foot in water at 100* C.. 
swelling had become marked and lymph flow rapid, tissue extract was injected 
subcutaneously into the burned region. Lymph flow ceased instantly and was not 
resumed during the following 12 hours. Bum at O, tissue extract injection at third 
hour. Soho, line, lymph flow; broken Une^ percentage of protein in the lymph. 

marked than in foot L, which Avas untreated and possessed unobstructed 
bmiphatic drainage, A tliird pair of photographs (not used in this 
paper), taken 4 hoiu-s and 40 minutes after the burn, shoAv foot R almost 
exactly as in Pig. 3. Foot L was more swollen but still behind the right 
foot, Avhere coagulation of the exudate fz-om the blood capillaries Avas 
assured by ti.s.sue extract injectiozz. 

It is clear that local sAvelling depends notably upon the degree to 
Avhich coagulation of the exudate occurs witli imprisonment of the 
AA-ater Avhieh leaks from the blood capillaries. 
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tissue extract made by grinding fresh beef lung, adding physiologic 
salt solution, and centrifuging to dispose of bits of tissue. Two things 
are ol)vious. hhrst, tliere is an enormous increase in lymph flow from 
the right foot (:/, Fig. 1) and the protein content { 1 , Fig. 1) of the 
l\Tnpli rises to moi'c than 4 per cent and .stays at that level. After 
some hours the lymph flow begins to fall, in all probability signalling 
a liberation of tiiromboplastie material at the site of the burn, which 
causes a sufficient degree of general coagulation to block hmiph drainage. 



Pig, 1 . — The effect on lymph flovr and protein content of immersing the front feet 
of a doc in water at 100° C. for 2 minutes. Bum at the arrow O. Curves 1 and 1, 
lor the right front foot, in the continuous line, show lymph flow in cubic centimeters 
ner hour, and in the broken line the percentage of protein in the lympli during IS 
hours following the bum. Curves 2 and 2 are similar in construction but in this case, 
immediately after a similar burn of the left front foot, tissue e.xtract was injected 
■nibcutaneously. The foot swelled enormously, but Ij-mph flow was negligible, and the 
email amount collected had a very high protein content. Ordinates, lymph flow In 
cubic centimeters per hour and protein percentage in lympIi. Abscissae, time in hours. 


In the ease of the left front foot, dipped in boiling water and then 
infiltrated with tissue extract so that coagulation was maximal, it is 
obvious that Ijunph flow is negligible (2) and lymph protein high (2. 
pjo- 1) If one makes sections of the skin and siibentaneous tissues from 
feel: treated in the manner described, it is easy to show extensive fibrin 
t'on in the foot burned and injected with tis.sue extract. The 
™ ‘t foot burned, but given no extraneous supply of tiiromboplastie 
j, ineairer amount of fibrin on section and it is obvious 

rhattoaitionhasbe;nin.significam 

^ number of experiments in winch a foot was dipped 
Fig. 2 IS one minutes with the usual prompt and extensive 

in water at lo / 4t the end of the third hour, when lymph 

increase in 1 >t"T' ^°j.anid and swelling was extensive, the burned area 
flow had ^'^'^““‘^Jy^aneou.sl.v with tissue extract. Lymph flow stopped 
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experiment his Mood and Ij-mpli were incoagulaMe. Immediately follow- 
ing heparinization the left foot was dipped in boiling water for 2 minutes 
and photographed as shown in Fig. 4. L, lower picture, exaetlj- 2 horn’s 
later. Swelling has occurred but it is much less extensive than in the 
right foot, nhere a certain degree of coagulation of the exudate has 
occurred. 




. FU’’ ■* — I of front feet are normal Prior to bumlnfr. a l%mt>hatic 

had been cannulatod in each ca^o. The Iot\er photograph of the right foot taken 
2 hours after 2 minutes' Immersion in boilmR a%ater. -The animal n as then thor^eh- 
m limped in bollim: 'i\atcr for 2 minutes The loteor 

?l'ottlS“b? Uic^hcpfrim”"' cSmpleted 'prevention of 
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Fig. 4 illustrates an experiment in which the normal forefeet of a 
dog arc shown almve, and below, a i^hotograph of tlie right foot 2 hours 
after 2 minutes’ immersion in boiling water. No tissue extract Avas in- 
jected. Lympli tloAA'cd profusely from the cannula and clotted normally. 
At the end of 2 hours and after photographing the right foot, the dog 
was given a large dose of heparin intravenously so that for the rest of the 



;o slmultanroiis lrniuor>»lon 
TT>x-,a uTioer pail wi. **-- T„ lower foot Jnjpclojl huIj- 

r- ^-T^nn" C lor 2 "’"’“FhnniedinteJy atli'r burning;, nnii foot /, was olloued 

'-I 3-1' errf .llr.r /er'-'An'i 
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foot are similarly stained. Heat alone, applied to a normally circulated 
part, does not induce generalized vascular thrombosis. There is, hoiv- 
ever, in burns so extensive as we have used, a cei’tain amount of local 
hemolysis reflected within several minutes by pink coloration of the 
Ij-mph collected from the foot. It is also possible to show that in addi- 
tion to the direct local effect of heat in causing hemolysis, a hemolrtic 
substance is liberated from the burned tissues which causes hemolysis 
in the dog and in vitro if lymph is collected and mixed ivith dog cells. 

The experiments described in this paper are designed to establish the 
necessity for a standard, repetitive method of causing burns; to show 
that coagulation of the exudate from a burned area is capable of check- 
ing IjTnph flow, if it is complete enough; and to establish a basis for 
other experiments upon burns, such as the toxic nature of the Ijunph 
collected from burned areas, the effects of severe burns on capillary 
permeability in sound parts of the hodj*, and the effect of confining the 
burned part in plaster of Paris immediately after removal from the 
boiling water and before swelling begins. Experiments in all these 
directions have been carried out and reports upon them will be issued 
as rapidly as possible. 


STODURY 

A simple method for making a standard burn by immersion of the 
foot of an anesthetized dog in boiling water is described. 

The effects of coagulation of the exudate caused bj’' the burn are de- 
scribed. 

The failure to prevent collapse and death by blocking hunph flow is 
mentioned and null be discussed further in future papers. 
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DISCUSSIOX 

TJiese findings are of practical importance in several ways. First 
of all, ],ynip]ialic drainage can be blocked almost instantly and com- 
pletclj' if the region damaged is cither supplied with tissue extract 
artificially, or through the natiu’c of the accident, so crushed and 
mutilated as to supply tissue extract naturally and thus bring about 
immediate coagulation of the exudate or blood from the capillaries. 
There is no doubt that localization of a siireading irritant, such as is 
faced in the growth of bacteria in an area of infection, may be bene- 
ficial. In the case of a burn of great severity, such as that used in these 
experiments, the heat acts for a given time and then the immediate 
prohlem ior the animal consists in getting rid of the damage and its 
consequences. No one who sees the swelling and accumulation of 
coagulum, which oceui- loealfy rvlien a foot is burned, as we have done, 
can fail to realize that if such an injury is to heal the animal must not 
only dispose of the tissue killed by the burn but must also get rid of a 
very large amount of clotted blood rvhieh is air unfortunate accessory 
to the injur 3 ^ In an uninfected burn local accumulation of exudate, 
rvhich is promoted gi'eatl.y bj" fibrin formation, adds to the problem of 
healing though at the same time limiting absorption through the lym- 
phatics. This last fact is not so important in connection with burns as 
we had hoped, since we have been able to show that if all four feet are 
burned for 2 minutes bj' immersion in boiling water’, and prior to the 
burn the thoracic and right l.vmphatie ducts are eannulated so that no 
Ijmrph enters the blood, the animal may die with the usual syndrome 
accompanying severe burns, lowered plasma volume, and falling blood 
pressure. It seems probable that a toxin is absorbed directl.y into lire 
blood from burned areas and rvhile tlie same substance is present in 
the Ismrph from such r’egions, blood airsorption is so constant and so 
oreat as to cause death even though lymphatic participatioii in the 
disaster is excluded. 

It is arr interesting fact that though a severe burn such as has been 
used in these experiments must kill many cells iir the skin and even in 
the deeper tissues of the foot, the burn docs not cause immediate libera- 
tion of thromboplastie material in significant amounts, and it is only 
W r 8 to 10 hours that l 3 ’mph flow begins to slow down indicating, per- 
^ ^ 4-1 + onnimh cell breakdown has oceuri-ed to convert prothiumbin 
Sr— in T.I bvins .bont ox.onsirc c„n.„in.ion. 

, , c.-irnrising to us consisted in the persistence of eirenlation 

Another ac . j £ burned foot, circulation which must be 

through the capma- 

foot swells rapidh' when i-emovcd from the boiling 
quite extensive, r ^ ^ frceli' from eannulated I’esseJs. Thc.se facts mean 
water and lymph ‘ capillai'ics and this fact is borne 

circulation through i.l ^ rp^jg24 intruvcnoiisly. The 

out if the animal is g autopsy the swollen tissues of the 

lymph at once becomes 
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Thus, in a patient in whom there was a tendency toward pulmonaiy 
edema from left heart failure, the intravenous administration of plasma 
on two occasions produced the signs and symptoms of acute pulmonarj 
edema. 

The following experiments are eonceimed ndth the effects of plasma 
infusions in animals in which the functioning pulmonai'y tissue has 
been acutely reduced. As in our earlier woi’k, the experiments are 
divided into three groups. In the first group, a plasma infusion of 
15 c.e. per kilogram of body weight was administered over a period of 
thirty minutes to normal eats. In the second group, approxiraatelj' 71 
per cent of the pulmonary tissue Avas surgically remoA-ed and the eats 
Avere obserA’ed for scA'eral hours afteiward. In the third group of animals 
the same amount of pulmonary tissue Avas remoA'cd as in Group 2, and 
this procedure Avas foUoAved by plasma infusions similar to those given 
the eats in Group 1. 

JIETHOD 

Cats AA’ere anesthetized by an intraperitoneal injection of a 5 per cent 
solution of sodium amytal (50 mg. per kilogram of body AA'eight). A 
large glass cannula aa’SS tied into the opened trachea in the neck to en- 
sure a free passage of air. The right femoral A’essels Avere exposed and 
arterial blood samples Avere AvithdraAA-n from the femoral arterj’ mto 
an oiled syringe at the start of each experiment and at appropriate in- 
tervals thereafter. One cubic centimeter of this blood Avas placed in 
a small test tube containing 0.1 c.e. of solution of ammonium oxalate 
(1.2 per cent) and potassium oxalate (0.8 per cent) to preA'ent coagula- 
tion. The blood was allowed to stand for one-half hour in a lYintrobe 
hematocrit tiAbe and was then centrifuged at 2000 r.p.m. for thirty 
minutes. The percentage of red cells aa'Us noted, the supernatant plasma 
AA’as draAA’n off and the plasma protein concentration determined by the 
method of Barbour and Hamilton* as modified by DreAA-, Scudder, and 
Papps.^ The I’cmainder of the blood in some experiments Avas transfen-ed 
to an oxalated tube under oil and surrounded by ice. In these experi- 
ments carbon dioxide and oxygen content and oxygen capacity of the 
blood Avere determined by tlie Van Slyke manometric method. 

Eveiw sample of blood that was Avithdra\A'n aaus replaced with an 
equal quaiAtity of blood obtained from another cat and injected into 
tlie femoral vein. The blood used for the replacement of samples aa'bs 
obtained under sterile conditions and kept in a sterile flask in the 
icebox until xised. The blood AA-as ncA-er more than seven days old. Tlie 
pla.sma used for the infusions Avas obtained by bleeding a eat to death 
under sterile precautions. The blood Avas collected in sterile 50 e.e. 
tubes and centrifuged at 2000 r.p.m. for tAventy minutes. The plasma 
was aspirated and stored in sterile flasks at 5° C. until used. Cultures 
of the plasma Averc not made before use in experiment.s, but any plasma 
emolysis or cloudiness was discarded. 



EXPERIMENTiVL PULMONARY EDEMA FOLLOWING 
LOBECTOi\IY AND PLASMA INFUSION 


John II. Gibbon, Jk., il.D,, and Mary H. Gibbon, Philadelphia, Pa. 
(From the Samson Separiment of Sitrffical Fesearch, Schools of Medicine, Uni- 
versity of Pennsylvania) 

TN A previous article'' it Avas demonstrated experimentally that when 
there has been an acute reduction in pulmonary tissue, a blood trans- 
fusion of a size well tolerated by normal animals may produce pulmonary 
edema, decreased saturation of the arterial blood Avith oxygen, and death. 
We also reported the histories of tA\'o patients aa-Iio died some hours 
after the completion of bilateral lobectomies. Both patients received not 
only blood transfusions, but also rather large plasma infusions. In the 
tAvo clinical cases reported it is coneeiA'able that the infusion of plasma 
may have contributed to the pulmonary edema from Avhich the patients 
died. 

That pulmonaiy edema may occur during the course of a plasma infu- 
sion, AA’hen the heart is damaged and a tendencj' tonurd pulmonary 
Amscular congestion is present, is illustrated by the folloAving report. 


Case Eeport. — J. I., a 71-year-old Avliite woman, entered the hospital com- 
plaining of marked shortness of breath. She had the signs and symptoms of 
congestive heart failure: an enlarged, tender liver and rales at the bases of both 
lungs. There Avas also a palpable enlargement of the thyroid gland. The basal 
metabolic rate was 53 per cent above normal. AFith rest in bed and digitalis the 
sions of congestive failure disappeared Avith the exception of the persistence of 
rales at the bases of both hmgs. The basal metabolic rate fell to plus 40 and re- 


mained at that level. 

After ten days of iodine medication a subtotal thyroidectomy was performed under 
local anesthesia. FolloAving the operation the patient had several attacks of 
Ivsonea associated AA-ith congestion at the bases of the lungs and signs of con- 
solidation in the right lower lobe. X-ray confirmed the clinical diagnosis of 
bronchopneumonia of the right loAver lobe. There Avas little febrile reaction, how- 
^ and under sulfathiazole and oxygen therapy the signs of pneumonia cleared 
ever, four days, and thereafter her conA-alescence Avas relatiA-ely uneventful. 

“P pogtoperative day she Avas giAcn a plasma infii.sion because of a Ioav 

On t xe eig^i^_^ (.oncentration. TJie infusion Avas given sloAvly but had to be dis- 
plasma p administration of 300 c.c., bec.ausc of marked dy.-jpnea asso- 

““’f'fwdth lid moist rfxlcs throughout both lung fields. 

ciatea aaiau g(.gaPjed on the tenth postoperatiA-e day. A plasma infusion Avas 

A similar episo ],ad to be discontinued because of the same symp- 

again administeret . appeared before. An hour or so after terminating 

toms of pulmonary eue signs of pulmonary edema had completely disxxiipeared and 
the plasma infusion, ' evening of the .same day tho patient com- 

the patient Avas com or ,1eveloped sA-mptoms of shock, an.l died suddenly, 

plained of pm" thrombosis. Permission for autopsy was not granted, 

'presumably from a corona . 

.ed for puhhoatlon. Aan. IP. 
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dividing the vessels and bronchi of each lobe close to the pulmonary 
tissue. The presence or absence of frotli in the trachea oi bronchi 
was noted. The heart was removed from the pericardium, all the great 
vessels being divided close to the base of the heart. The resected pul- 
monary lobes and the heart were then weighed to an accuiacy of 
10 mg. 

RESULTS 

In general, the results were similar to those previously' reported 
with blood transfusion.^ The mortality in the three groups of experi- 
ments is shown in Table I. The plasma infusion in normal cats pro- 
duced no noticeable effects and none of the animals died, Table I, 
Group 1. Following the completion of the infusion, the animals w'ere 
observed for periods of time vaiying from 3 hours and 30 minutes 
to 5 hours and 20 minutes, with two exceptions in which the animals 
were sacrificed 28 minutes and 2 hours and 20 minutes after the in- 
fusion. All these eats, without exception, were in good condition at the 
time of sacrifice. 

In fifteen cats the right middle and all the lower lobes were resected 
as described above. Three cats in this group died, Table I, Group 2. 
Two of these had gross evidence of pulmonary edema: progressive 
cyanosis, coarse rales in the trachea, and froth exuding from the tracheal 
cannula. They died 1 hour and 5 minutes, and I hour and 10 minutes 
after completion of the lobectomy. The third animal died suddenly of 
cardiac arrest, presumably from ventricular fibrillation, 37 minutes 
after lobectomy during the injection of 10 c.c. of blood into the femoral 
vein to replace a blood sample which had been withdrawn a short time 

Table I 


MOBTALITV NOLLOWIN-G (1) PLASJfA IXTOSIOX IN NOB-UAL CATS, (2) REMOVAL OF ALL 
Lower Lobes and Bight Middle Lobe and (3) Removal op All Lower and 
Right Middle Lobes Foliajwed by Piasma Infusion 


GROUP 

TYPE OF EXPERIMENT 

NUMBER 

OF 

ANIMAES 

MORTALITY 

NUMBER j 

PER CENT 

1 

Plasma infusion in normal cats 

9 


0 

2 

Resection of 71% of pulmonary 
tissue ! 

15 

Bm| 

20 

3 

Resection of 71% of pulmonary 
tissue followed by plasma in- 
fusion 

11 

1 ^ 

73 


before. This was the only instance in the thirty-five experiments re- 
ported licre in which this accident occurred. The other twelve animals 
were obseiwed for from 3 to 6 hours after the lobeetomics and then 
sacrificed, with one exception when the animal was sacrificed 2 hours 
and 13 minutes after the lobectomy. None of these twelve cats were 
cyanotic, no tracheal rale.s were lieard, and there was no fluid in the 
trachea at tlie time of .sacrifice. 
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SURGERY 


The control plasma infusions in Group 1 were in the majority of 
experiments made witli tlie same lot of plasma which had been used in 
the experiments in Group 3. Thus, an experiment of the Group 3 type, 
with lobectomy followed by a plasma infusion, was followed the next 
day by a control experiment in which the same plasma was infused into 
a normal cat. The plasma infusions consisted of 15 c.c. plasma per 
kilogram of body weight, given over a period of thirty minutes in both 
the control Group 1 and the lobcetomized animals, Group 3. The plasma 
was administered through a burette connected by rubber tubing to a 
glass cannula tied in the femoral vein. 

In cats the right middle and all the lower lobes of the lungs comprise 
approximatelj’^ 71 per cent of the pulmonary tissue. This figure was 
derived by determining the proportion of the weights of these lobes to 
the total lung weight in twent 3 '-six normal eats. The figures varied 
between 66 and 75 per cent, averaging 71 per cent. The removal of the 
right middle and all the lower lobes was performed in Groups 2 and 3 
bj^ the same technique as previouslj' employed.* A No. 12 French 
catheter with an open end was threaded into the glass tracheal cannula 
until its tip laj" within the trachea. AVhile the pleural cavities were 
open, artificial respiration Avas administered by the intermittent in- 
sufflation of air through this catheter. Lobectomies were performed 
through an incision in the sixth intercostal space on either side. After 
division of the pulmonaiy ligaments, the liilar structures of the lobes 
to be removed Avere tied Avith a single ligature of heavj' silk and the 
lobes Avere then resected. A small rubber tube Avith several perforations 
near the tip Avas inti'oduced into eacJi pleural cavitj" through a stab 
Avound in the eighth intercostal space. The incision in the sixth inter- 
space Avas then closed Avith a continuous suture, approximating the sixth 
and seventh ribs. The overljdng muscles and skin Avere similarlj' 
sutured. At the conclusion of the bilateral operation, AAdiich required 
approximate^^ tAventj’-five minutes to perform, the catheters draining 
tlie pleural cavities Avere connected to a constant source of 7 cm. Avater 
suction A T tube inserted into the suction line Avas connected Avith a 
o-lass U-shaped Avater manometer in order to read I'espiratoi'.A" A’aiiations 
A intrapleural pressure. After the cliest Avas closed and suction es- 
1 d artificial respiration Avas discontinued and the small rubber 
^ 1 t • witlidi-aAvn from the tracliea. Tlie lolies of the lungs removed at 
• .arc. Irent in closed containers until their Aveights Avere dctcr- 

operation Aveie 

onclnsion of the experiment an autopsy Avas performed. Sur- 
At the c sacrificed by bleeding. The trachea Avas then 

viAung thoracic cavity AA-idely opened lij- removing the slcrnum 

clamped and he fluid in the pleural caA-ities AA-as noted 

and the costal car ^ nufl condition of the lung.s, or 

.„a the amount ^ Averc resected separately In- 

■ • ^ lobes AA’cre uoLtu- 
remaining looes 
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of the vascular bed of these pulmonary lobes, as there "was no gross e^^- 
dence of fluid in the bronchi. The "weights of the remaining lobes of the 
two cats in Group 2 "which died "with evidence of pulmonary edema fell 
within the range of the weights of the corresponding lobes of the eight 
animals in Group 3 which also died of prdmonary edema. Expressed 
as per cent of bodj’ weight they were 0.50 and 0.55; expressed as per 
cent of heart weight they were 114: and 144. The cat in Group 2 that died 
suddenly during the injection of blood had no evidence of pidmonarj^ 
edema during life or at autopsy, and is included among the thirteen 
cats in Group 2 which were sacrificed and did not have pulmonary 
edema. The weight of the remaining lobes in this animal was 0.28 per 
cent of the body weight and 70 per cent of the heart weight. 

The weights of the remaining lobes of the eight cats in Group 3 Avhicli 
died from pulmonax*j^ edema averaged more than three times the 
weight of the eoi’responding lobes in normal cats. They were grossly 
congested and edematous and froth poured from the openings of the 
cut bronchi. In the three eats in Group 3 which lived until sacrifice 
without evidence of pulmonary edema, the remaining lobes weighed 
approximately the same as those in the eats which had no pulmonary 
edema in Group 2. Expressed in per cent of body weight they were 
0.22, 0.30, and 0.26 ; expressed in per cent of weight of heart they were 
0.64, 0.69, and 0.80. 



FI^. 1.— Hematocrit values in normal cats before and after plasma infusion. 

The changes in hemalrocit values and plasma protein concentra- 
tions are graphically sho"wn in Figs. 1 to 6, inclusive. As can he seen, 
tliero arc no consistent changes in these values except in Pigs. 2 and 4. 
In Fig. 2 tile hematrocit values before and after removal of 71 per cent 
of pvilmonaiy ti.ssuc are shown. Tlicre is a definite tendency for tlic 
percentage of cells in the circulating blood to increase after the acute 
reduction in the pulmonary vascular bed. The explanation for this 
increase is not as yet clear. It is appai'cnt that plasma was lost from 
the circulating blood, and one would expect this loss to occur through 
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111 eleven eats tlie right middle and all the lower lobes were removed 
as in Group 2. Prom 25 minutes to 1 liour and 49 minutes after the 
completion of the lobectomies, the jilasma infusion was started. Eight 
of the eleven cats died at intervals of time vaiying from 50 minutes 
to 2 hours and 15 minutes after the completion of the infusion, Table 
I, Group 3. Before deatli all these animals exhibited signs of pulmonary 
edema: iTdes in the trachea, marked cyanosis, and in most instances 
froth bubbling in the tracheal cannula. In three experiments the cats 
appeared to he unaffected by the plasma infusion. They were sacrificed 
at 2 hours and 5 minutes, 2 hours and 55 minutes, and 3 hours and 30 
minutes after the completion of the plasma infusion, at which time 
there was no ej’anosis, no tracheal rales could be heard, and there was 
no frotli in the tracheal cannula. Thus, as caia be seen in Table I, plasma 
infusion in normal eats carries no mortality, the resection of approxi- 
mately 71 per cent of pulmonary tissue lias a 20 per cent mortality, 
while the resection of 71 per cent of pulmonary tissue followed by a 
plasma infusion has a 73 i^er cent moi’tality. 

The evidence for the presence of pulmonarj- edema in Groups 2 and 
3 was the manner of death, with progressive cjmnosis, labored respira- 
tion and froth in the trachea, and the autopsj’^ fbadings. In all the ani- 
mals that died from pulmonary edema, frotli was present in the traehea 
and exuded from the main stem bronchi wlien cut. In Table II the weights 


Table II 

■Weight ov Eight Upper and Left Upper and Middle Lobes Expressed as Per 
Cent op Weight of Body and op Heart in Four Groups of Cats* 


GROUP 


[9 normal eats with plasma 
infusion 


TYPE OF experiment 


26 normal cats 


per cent weight OP 

BODY 


VARIATION 


.13 to .32 


Bemovnl of right middle 
and all lower lohes in 

13 eats . 

pSiwal of rigfit middle 
and all lower lobes fol- 
lowed by plasma infu- 
sion in S cats 


.17 to .24 


.20 to .35 


average 


.10 


PER CENT WEIGHT OF 
HEART 


VARIATION 


33 to 57 1 


AI'ERAGE 


441 


.20 


.20 


.43 to .91 


43 to 00 


54 to 89 


51 


70 


.50 


99 to 184 


1.39 


— , "T,, nnrmal cats with plnsni.-i infusion, in cuts from wlilch the 

?C"MUnea in seven normal cats. 

• n. and left upper and middle Jobe.s, that is, llie remain- 

of the righ performed, are e.\'pres.scd in relation to 

i„g lobes of the tart in Oronps 1, 2, ,„nl 3, „nd in 

the weight ot tii • normal cals given pla.sina infusions were 

normal cats. Thes cats without jilnsma infusion. In the 

slightly heaviei- than ^ develop pulmonary edema, tliere 

thirteen cats in Gvo^P ycnaining lohc.s of approximately 

was an increase m the 3 = probably due to congestion 

This increase m 

60 per cent, 
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of the vascular bed of these pulmonary lobes, as there was no gross evi- 
dence of fluid in the bronchi. The weights of the remaining lobes of the 
two eats in Group 2 which died with e%’idence of pulmonary edema fell 
within the range of the weights of the corresponding lobes of the eight 
animals in Group 3 wliich also died of pulmonary edema. Expressed 
as per cent of body weight they were 0.50 and 0.55; expressed as per 
cent of heart weight they were 114 and 144, The cat in Group 2 that died 
suddenly during the injection of blood had no evidence of pulmonary 
edema during life or at autopsy, and is included among the thirteen 
cats in Gi’oup 2 ivhieh were sacrificed and did not have pulmonary 
edema. The weight of the remaining lobes in this animal was 0.28 per 
cent of the body weight and 70 per cent of the heart weight. 

The weights of the remaining lobes of the eight cats in Group 3 which 
died from pulmonarj' edema averaged more than three times the 
weight of the corresponding lobes in normal cats. Tliey were grossly 
congested and edematous and froth poured from the openings of the 
cut bronchi. In the three cats in Group 3 wdiich lived until sacrifice 
without evidence of pulmonary edema, the remaining lobes weighed 
approximately the same as those in the cats -whieh had no pulmonary 
edema in Group 2. Expressed in per cent of body •weight they Avere 
0.22, 0.30, and 0.26 ; expressed in per cent of weight of heart they were 
0.64, 0.69, and 0.80. 



mrcsioK 

Fig. 1. — Hematocrit values in normal cats before and after plasma Infusion. 

The changes in hematrocit A'alues and plasma protein concentra- 
tions arc graphically shown in Pigs. 1 to 6, inclusive. As can be seen, 
there arc no consistent changes in these rmlues except in Figs. 2 and 4. 
In Fig. 2 the hematrocit A-alues before and after removal of 71 per cent 
of pnlmonaiy ti.ssne are shown. There is a definite tendency for the 
percentage of cells in the circulating blood to increase after the acute 
reduction in the pulmonary vascular bed. The explanation for this 
increase is not as yet clear. It is apparent that plasma was lost from 
the circulating blood, and one would expect this loss to occur through 
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tlie capillary and alveolar Avails of the remaining’ pulmonary lobes be- 
cause of the existing congestion. HoAvever, only tAvo of the animals in 
this group developed pulmonary edema in amounts sufficient to be 



Fisr. 2 — ^Hematocrit \alues before and after removal of the light middle and all lonei 

lobes. 



BCrOBE 

PLASKA 

mnisioN 


MINUTES AFTER 
PLASMA INFUSION 


Fig. 3 


jj . tocrit Aalucs before and after plasma Infusion in lobcctomlzcd cats. 

and to cause death. A .similar Jiemoconccntration fol- 
noticed gross > pulmonary tissue Atas noted in the e.xjieri- 

lueiits previously ^ consistent increase in the iiJasma piotcin 

In Fig. 4 there is ILi cats folJoAAing a .standard jilasma infusion. 


normal 

The plasma protein 


concentration '"^_^™™^,c„‘tration in animals of (Ironp 2, as .slioun in 
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Fig. 5, shows variable changes which are too irregular to be significant. 
However, in Pig. 6 it can be seen that in only three experiments was 
there a significant rise in the plasma protein concentration following 



IHVUalllN 


Fig. 4. — Plasma protein concentration in normal cats before and after plasma infusion. 



BEtoBE MINUTES AFTER REMOVAL OF RIGHT 

LOBtcTonr middle AND ALL LOWER LOBES 

Fig. O.— Plasma protein concentration before and after removal of tlie right middle 

and all lower lobes. 

a plasma infu.sion in lobec-tomized eats. In the remaining eight experi- 
ments there was practically no change in concentration. lYhen these 
re.sults are compared with those .shown in Fig. 4, it is apparent tliat 
protein was lost from the blood stream by the animals in Group 3. The 
pulmonaiy edema which followed the infusions of pla.sma undoubtedly 
represents some of this lo,st jilasma. 

The concentration of the protein in the pla.sma used for the infusions 
varied between fi.T and 6.6 Gin. per cent, averaging 6.2 Gm. per cent, 
with one exception. In this instance the plasma used had a concentra- 
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tioii of only. 4.8 Gm. per cent, and tins plasma was used for infusion 
in one of the three animals in Gi’oup 3 which survived the infusion 
following a lobectomj'. This fact, however, is probahlj'’ without sig- 
nificance, as the other two animals which survived in Group 3 were 
infused with plasma having a protein concentration of 6.0 and 6.6 Gm. 
per cent. In six insUmees fluid was obtained from the tracheae of 
animals dying with pulmonary edema for determinations of the pro- 
tein concentration, which varied between 5.2 and 6.2 Gm. per cent, 
and avei’aged 5.7 Gm. i^er cent. The plasma protein concentration of the 
blood of thirty-three normal eats Arnried betvreen 5.S and 8.2 Gm. per cent, 
averaging 7.0 Gm. per cent. TJius it is evident that the fluid Avhich 
filled the bronelii and traeJieae of the animals dying from pulmonary 
edema consisted of onlj- slightly diluted plasma. 



iNiusiov plasma infusion 

G.— Plasma protein concentration before and after plasma infusion in lobectomized 
‘ cats. 


A few determinations were made of tlie saturation of the arterial 
blood AA'ith oxygen in tlie three groups of experiments. The results 
were entirely similar to those reported previously witli blood trans- 
fusions following lobcctomj'. In Group 1, the saturation of the arterial 
1 1 d with oxj'gen was determined in three instances folloinng plasma 
■ Tsions in normal cats. In cacli instance tlie blood ivas found to bo 
"'llemmtelv saturated with oxygen, the figm-es being 96, 93, and 95 per 
^ t I Group 2 the saturation of the arterial blood with oxygen wa.s 
cent, n t instances at time intervals after the completion of the 

determine j and 51 minutes, to 5 lioiire and 22 

lobectomy vai. o pjoed ivas adeiiuateb- saturated with 

eae - _ — n- _..,i inn .saturation. 

the oxyneii 


minutes. In 92 , 92, 94, 93, Oo, and 100 per cent .< 

oxj^gen, the val pulmonarv edcnifi, tJ 

In the tAVO anima jn the animal tlial died .middcnl.v during 

saturation Avasnot e ei _,.at„raled Avilh 

the iniectloTi of Wood, .nation of arterial 

oKVgen 10 minutes bctoi 
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blood M-itli oxygen was determined in four experiments following the 
plasma infusion. In three of these experiments the animals died 21, 20, 
and 32 minutes after the hlood sample was taken for analysis. The 
saturation of the arterial blood with oxygen was respectively 66, 58, 
and 73. In the fourth experiment the animal survived the plasma in- 
fusion and the artei-ial blood was 9i per cent saturated with oxygen 
2 hours and 12 minutes after the completion of the infusion. 

DISCUSSION 

Edema occurs because of increased eapillaiy blood pi’essure, de- 
creased colloid osmotic pressure of the blood plasma, or because of 
increased permeability of the capillary endothelium. It is the first of 
these causes which we believe operates in the pulmonary edema conse- 
quent upon blood or plasma infusions following acute reduction of the 
pulmonaiy vascular bed. After i-emoval of 71 per cent of pulmonar 3 ^ 
tissue, the entire output of the right heart must pass through the 
remaining 29 per cent of the pulmonarj-^ vascular bed. If the cardiac 
output is not diminished, the increase in blood flow through the left 
upper and middle and right upper lobes would amount approximately 
to 345 per cent. That there is no gross diminution of the cardiac output 
is ertdenced by the fact that the sj^stemie arterial and venous blood 
pressures are within normal limits following lobectomies.* With exer- 
cise the blood flow through normal human lungs maj- be increased from 
600 to 800 per eent^ without the production of pulmonarj- edema, 
altliough under these circumstances there is an increased volume of 
blood in the lungs. In the experiments reported here the iucrease in 
weight of the remaining lobes following removal of 71 per cent of 
pulmonary tissue might be due to an increased volume of blood in the 
pulmonary" vascular bed. 

In conclusion, the frequent and ever-increasing use of plasma and 
blood transfusions in all fields of surgeiy justifies a word of caution as 
regards their indiscriminate use in thoracic surgeiy. Wlien there has 
been any impairment of cardiorespiratoiy function, following or dm-ing 
a thoracic operation, it seems to be advisable to emploj* intravenous 
fluids which lend to remain in the blood stream, such as blood and 
plasma, with a certain degiee of caution, and to be on the lookout for 
developing signs of pulmonary edema. 

SUMXIARY 

1. A I)hisma infusion of 15 c.c. per kilogi-am of body weight was 
given at a constant rate over a period of thirty minutes to nine normal eats. 
There were no signs of pulmonaiy edema before saerificc or at autopsy. 

2 . Tlic riglit middle and all the lower lobes of the lungs were removed 
from fifteen eats. Two of thc.se animals died from pulmonary edema 
and there was one accidental death. The other twelve were .sacrificed 


702 


SUKGERY 


tion of only. 4.8 Gm. per cent, and this plasma was used for infusion 
in one of the three animals in Group 3 which survived the infusion 
following a lobectomy. Tliis fact, however, is probably without sig- 
nificance, as the other two animals wiiich survived in Group 3 were 
infused with plasma having a protein concentration of 6.0 and 6.6 Gm. 
per cent. In six instances fluid Avas obtained from the tracheae of 
animals dying Avith pulmonaiy edema for determinations of the pro- 
tein concentration, AA’hich A'aried betAA'’een 5.2 and 6.2 Gm. per cent, 
and averaged 5.7 Gm. per cent. The plasma protein concentration of the 
blood of thirtj^-three normal cats varied betAveen 5.8 and 8.2 Gm. per cent, 
averaging 7.0 Gm. per cent. Thus it is cAudent that the fluid AAliieh 
filled the bronchi and tracheae of the animals d 3 fing from pulmonaiy 
edema consisted of only slightlj’- diluted plasma. 



iNiusioN plasma infusion 

i7ip- fi Plasma protein concentration before and after plasma Infusion In lobcctomizetl 

* cats. 


A fcAV determinations Avere made of tlie saturation of the arterial 
blood Avith oxj^gen in the three group.s of experiments. The results 
Avere entirely similar to tliose reported previously Avitli blood trans- 
fusions folloAving lobectomy. In Group 1, the saturation of tlie arterial 
W d AA’ith oxygen Avas determined in tliree instances folloAving plasma 
. „ . g Ijj normal cats. In each instance the blood avos found to bo 

'nuately saturated Avith oxygen, the figures being 96, 93, and 95 per 
t In Group 2 the saturation of the arterial blood Avith oxj-gen was 
• 1 'n six instances at time inteiwals after the completion of the 

determine J ^ and 53 minutes, to 5 hours and 22 

lobectomy v . blood Avas adciiuatelj' .saturated Avitli 

minutes. . ^’'j g i^eing 92, 92, 94, 93, 95, and 100 jier cent saturation, 
oxj'gen, the vai pulmonary edema, the o.vygen 

In the tAVO ‘ jned. In the animal that died suddenly during 

saturation was no cj,, j,„. .saturated nith 

the , before dcatii. In G^nP 3- «-"iralion of arterial 

oxy-en 10 Demie 



THE RENAL RESPONSE TO HYPERTONIC SUCROSE 

SOLUTIONS* 

G. Fchcr, M D , S Rodbakd, f Ph D., and L N. Katz, 3I.I) 
Chicago, III 

(From the CardtoiasmiJat Department, Michael Feese Hospital, Chicago) 

I NTRAVENOUS hypertonic sucrose has been widely used in the clinic 
for a variety of purposes without apparent ill effect Recently, how- 
ever, the question has been raised as to whether such indiscriminate use 
is justified since it has been reported to lead to impairment of kidney 
function and to histologic evidence of tubular damage '■' Further, the 
changes found in the renal tubular epithelium might possibly affect the 
mechanism of nephrogenic hypertension It is also conceivable that the 
increased load on the kidney resulting from the retention of ivaste 
products which sucrose injections cause, could lesult in an aggravation 
of the hypertension These considerations led us to reinvestigate the 
action of hjqiertonic sucrose on normotensive and hypei tensive dogs with 
and without pre-existing renal excretory insufficiency 

LITERATURE 

The most extensive clinical use of sucrose is its emplojraent in the reduction of 
intracranial pressure® i= Intraienous lij-pertonic sucrose loners intracranial pressure 
nithout the «econdan rise seen nith the use of hjpertonic dextroses Other uses for 
sucrose have been lecentlj suggested, also based for the most part on a similar tissue 
dehjdrating action It has been utilized preoperatnelj in glaucoma,!® in the treat 
ment of chrome h>pertensiou,ic as a diuretic agent in nephrosis^ and in other con 
ditions,!® in chronic alcoholism, i® as ncll as in bronchial asthma in conjunction iiitli 
adienalin i' It has been utilized to measure glomerular clearanceis and extracellular 
fluid le 

The cardiovascular response to the hjpertonic sucrose solution is a transient 
hjperioleiuia with attendant increases in venous pressure, lieait rate, cardiac minute 
output, and arterial blood pressure 2® These effects are transitorj. Almost all the 
sucrose IS cxircted within the fiist few hours i® 

It has been clearlj demonstrated in dogs, i. a in iabbits,= and in man,=, -i-r that 
intravenous inicctions of hvpertonie sucrose in large amounts lead within an hour 
to swelling of the coniolutcd tubules of the hidncj, associated with a fine vacuolar 
degeneration, nuclear shrinhagc, and the presence of granular exudate in the glomeru- 
lar lumen These changes reach a maximum on the third daj- end then graduallv 
siilisiilo ith repetition of the injections everj third dav or oftener, the renal 
(hanges ore found to be moie seiere and the phenolsulfonphthalein clearance is 
niarkedlv lowered.- Even after several sucrose injections the function and ap 
pe.ir.inec of the renal epithelium show a remarkable abilitj to return to normal®, a 
but a piolongcd senes of injections tends to produce sclerosis and atrophv of the 
kidnev with a reduition in renal excretorv function®,® Dextrose,® sorbitol,® and 
uiulin-i appirenllv do not le.id to such lesions 

•Aldcil bv tlic \ n X vst rund for Cardiovascular Itesearcli 
tnu Llll> I’cIIow 

ItcceUid for i)ul)llc.alIon March T. l'i|2 
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SURGERY 


Isetween 4 and 6 lionrs aftei’ the operation. None of these animals 
showed evidence of pulmonary edema before death or at autopsy. 

3. In eleven animals after removing the same lobes of the lungs, a 
plasma infusion of 15 c.c. per kilogram of body rveight was given over 
a period of 30 minutes. Three of these animals lived and were sacri- 
ficed between 2 and 4 hours later. There was no emdenee of pulmonary 
edema before death or at autops.y. The remaining eight animals died 
from 1 to 2 hours after completion of the infusion with clinical evidence 
of pulmonary edema and gross evidence at autopsy of fluid filling the 
tracheae and bronchi. 

4. The hematocrit values showed no constant change before and 
after plasma infusions in the normal and in lobectomized cats. There 
was generallj’’ a definite increase in the hematocrit values following 
the acute removal of 71 per cent of pulmonary tissue. 

5. The plasma protein concentration Avas consistentlj'^ elevated fol- 
lowing plasma infusions in normal cats. There was a variable change 
in plasma protein concentration before and after lobectomy and after 
plasma infusion in the group of lobectomized cats. 

6. The saturation of the arterial blood with o.xygen was detemined 
in a few e.xperiments. The arterial blood was adequately saturated with 
oxygen in all the normal and lobectomized animals which did not die 
from pulmonary edema. In the animals dying from pulmonary edema, 
saturation of the arterial blood with oxygen was deci'eased. 

7. There was no significant increase in the weights of the lungs of 
normal cats following plasma infusion. Following removal of the 
rio’ht middle and all the lower lobes in the animals that did not develop 
pulmonary edema, the remaining lobes showed an increase in weight 
of approximately 60 per cent. After removal of tlie lobes mentioned, 
followed by a plasma infusion, the animals that died showed an increase 
in the weight of the remaining lobes of approximately 300 per cent. 

CONCLUSION 


In cats when there has been an acute reduction of pulmonary tissue, 
1 ma'infusion of a size well tolerated by normal animals may pro- 
Lw^Lath from pulmonan^ edema. 
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transient azotemia occurred. After an interval of a week, tn-o dogs re- 
ceived another series of daily injections of 200 c.e. of sucrose for ten and 
thirteen days, respectively. This was accompanied by a transient rise 
in blood N.P.N. which returned to the nornial level before the injections 
were ended. No significant changes in blood pressure were noted in this 
series. 

3. Tolerance to Sucrose . — The recoverj' from the renal damage follow- 
ing the sucrose injections despite continuation of the injections suggested 
that a more adequate tolerance might be established by the use of graded 
doses. This possibility was tested in fifteen dogs, six normal and nine 
ndth hjTpertension and induced renal reserve. These dogs were given 
daily sucrose injections beginning with 10 e.c. on the first day and with 
the amount injected increased by 20 c.e. each doj”, until 200 e.c. was 
reached; this was followed by six injections of 200 c.e. in the next six 
days. No evidence of renal impairment was noted either in the blood 
N.P.N. or in the ability to concentrate the urine on dehydration two days 
after the end of the injections. No alterations in blood pressure were 
observed. 

Four other animals with reduced renal excretory reserve and hyper- 
tension were given daili^ injections of 10 c.c. of sucrose for four daj's, 
followed by daily injections of 200 c.e. of sucrose for four days. A 
transient increase in blood N.P.N. and a marked reduction in the abilitj’ 
to concentrate urine were observed. The blood N.P.N. quickly returned to 
the pre\doas’ level, and after ten to twenty-five days the kidneys had al- 
most completely regained their previous function and concentrating 
ability. 

4. Deaths Occurring During the Experiments . — Eight of the animals 
receiving sucrose died during the period of injections, six during a period 
of hot weather. Death occurred from six to twenty-seven days after 
the injections were begun. In all, death was associated with pulmonary 
involvement; six died of pneumonia, and the other two dogs died udth 
pulmonai-y edema and azotemia. 


niscussiON 

The injection of hj-pertonic sucrose has been reported to lead to 
anatomic changes pai-ticularly in the tubules.’*' It is clear that for a 
few days, at least, the renal excretory reserve is reduced. In animals 
in which an initial large amount of renal reserve was present, no demon- 
strable effects were noted in the blood N.P.N. level nor did protein or 
other ahnonnal foniied elements appear in the urine. However, the 
ability of the kidney to concentrate urine was reduced, reflecting the 
renal tubular alterations. The ab.scnee of blood N.P.N. elevation may 
1)0 due to the ])olyuria induced by the sucrose, which may become suf- 
ficiently large to clear the blood of nonprotein nitrogenous products 
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MirrnoD 

H_vj)Prt/)iiic .‘■nliitioiis were jiref)nr/*(l Ii_v flis’-oIvitiK ."50 Gm. of ?ucro=c' in <lis- 
tillod wnlor niid diliuitif; (o ]flO f.e, Ulood pro'-uros were determined with the 
Hiiiiiilton mniionieterJ: on Irnined «nanc.-.tlietized dofrs nccording to the technique 
used in tliis Inltorntorv.ci Jlvperten.sion vas induced in- (he technique of Gold- 
Iilattj-^ and relative renal excretory iriMiflicicncy was cither an associated cir- 
cumstance in sncli animals or was induced liy temporarily completely occluding 
the renal arteries for one hoiir.c* Jtenal excretory impairment was evaluated by 
determining blood If.I’.N. f and by comparing the specific gravity of the urine 
after dehydrating the animals for twenty-four hours during which time only dry 
food was permitted. 

RESULT.^ 


1. Vnoperated Xormofensive Dogs WUhoui Preliminary Evidence of 
Renal Excretory Insufficiency. — Seven dogs received 200 c.e. of 50 per 
cent siierose daily for five, six, six, nine, ten, feu, and thirteen consecutive 
dtiys, respect ivoly. In tlirec of these animals a rise in blood N.P.N. to about 
60 mg. per cent mas evident on the third day of injections, but the N.P.N. 
returned to normal after three more da.vs. The other four dogs showed 
no change in N.P.N. Before the series of injections the animals 
mere able, after tmenty-four hours mitbont mater, to concentrate the 
urine to a specific gravity of 1.050. Tmo days after the injections 'mere 
completed the kidue.vs could concentrate only to about 1.025. Hom- 
ever, a meek later the control-concentrating ability tvas usually regained. 
The urine remained clear and free of albumin and casts. The blood 
Xu'cssurc of all seven dogs remained unchanged during and after the in- 
jection period. 

2. E'orniotcnsivc and Ilypcrfcnsivc Dogs ^Vith Prclitninary Evidence 
of Reduced Renal Excretory Reserve. — Tmo norniotensive and tlmee 
hypertensive dogs mith reduced renal excretory reserve, due to partial 
occlusion of the renal arteries, mere used in this series. Each dog re- 
ceived a total of 500 e.c. of 50 per cent sucrose administered in 100 c.e. 
doses cveim third day. No effect mas observed on the blood N.P.N. level, 
but the renal concentrating pomer mas definitely reduced hi each case as 
'i the preceding series. These animals then received daily injections of 
IfiO c c of 50 per cent sucrose over eight days. During this period all 

d a transient rise in blood N.P.N. mith the appearance in the urine 
ed elements and albumin, red and mhite blood cells. The ability 
of concentrate urine remained at a lorn level, but rose to 

1 'V-^-alwes a meek after the cessation of injection, 
noinia < all fi''’c dogs received daily injections of 200 c.c. of 

After ioui ' seven, ten, tmelve, thirteen, and sixteen days re- 
50 per cent suei to a rise in blood N.P.N., pulmonary 

spectively. death in tmo animals. Tji the other three dogs a 

edema, azot ^ OorCo*' of undo Products for .supptyinfr us with t)ic 

' Oolm. Head of the Pep.-irtnicnt of BiocIieml«lt->-, for 

determinations. 
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SUJIilARY 

1. Large amounts of hypertonic sucrose given intravenously to normal 
dogs led to a transient reduction in the ability of tlie kidney to con- 
centrate urine, without elevation in blood N.P.N. 

2. In dogs with reduced renal excretory reserve treated as above, the 
reduction in concentrating capacity was associated with a transient rise 
of blood N.P.N. Adjustment to the daily injections was indicated by 
the return of the N.P.N. to normal even though the injections were con- 
tinued. 

3. A relative tolerance to suci’ose was demonstrated by the use of 
gradually increasing daily injections. 

4. Blood pres-sure remained unchanged in both normotensive and 
hypertensive dogs, with and without previous renal involvement. 

•5. The use of hypertonic sucrose I’equires caution in eases with renal 
or myocardial involvement, in general infections or in dehydrated states. 


ADDENDUM 

Since this paper was written, Rigdon and CardweD^o reported nine more cases 
with anatomic renal involvement folloning hypertonic sucrose. They found that the 
renal lesponse depended in part upon the state of dehydration of the patient. 
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even ylieii the excretory ability of the kidneys is reduced. On the other 
liand, in animals ■with j)re-existin" reduced excretory capacity the in- 
troduction ot the hypertonic snciusc may lead to a transient relative 
renal excretory insutTicicncy as evidenced hy a rise in blood N.P.N. as 
well as hy a notable reduction in ability to eoncenti'ate urine. 

The recovery of the ability of the kidney to cope with the .systemic 
exci-etoiy needs even while the sucrose injcction.s ivere being continued 
suggests that the kidney can in .some way compensate for the new con- 
ditions. The mechanism of this adjustment is at present not understood. 
It is significant, however, that gi-adiially increasing do.sages of sucrose 
may avoid even the tem]iorary renal excretory insufficiency. This com- 
pensatory mechanism apimrcntly requires gradual rather than abrupt 
increase in the sucrose doses. Further, the compcn.sation to sucrose in- 
jections is quickly last since, after a short period of rest, a new series of 
injections will again lead to transient renal excretoiy insufficiency. 

The absence of blood pressure changes in either normofensive or hyper- 
tensive dogs is evidence that the changes induced in the renal parenclnmia 
by the hypertonic sucrose do not initiate or inhibit the hypertensive 
mechanism. During the period of relative retention of excretory prod- 
ucts the absence of a rise in the blood pressure once again suggests that 
the renal factors responsible for the initiation of hypertension and those 
having to do with the failure of the kidney to excrete waste products are 
discrete.-' The mechanism involved in nephrogenie hypertension is, thus, 
not dependent on the disordered state of tubular metabolism seen in our 
animals but probabl}" occurs in some otlier region of the renal ap- 


paratus. 

Since the tissues of man contain no invertase,-“ injected sucrose may 
become available for use by pathogenic organisms and may possibly 
lead to increased virulence of infections, particulaily in dehj'drated 
states which are aggravated by the injection of hypertonic sucrose. 

In our experiments extreme conditions were induced b.v the injec- 
tion of large amounts of h.-i-pertonic sucrose. This was done to determine, 
•f ossible” the maximal abilit.v of the normal and abnormal reiial ap- 
^ -t s to' adjust to these conditions. Except for the preliminary dam- 
wht on bv the hj'pertonie sucrose, little permanent damage was 
age jjggji shown that the cardiac minute output is greatly 

done. hypertonic sucrose as a result of an increased plasma 

increased a pressure.^® Evidently a strain is placed upon the 

volume an kidneys. However, it would appear that in the 

heart as well damage, injections of moderate amounts 

absence of myoeai ^ ‘ contraindicated. This agrees with the elin- 

of hypertonic sucios ^ attributed directly to hyper- 

ical experience tlia , • „ the long hi.stoiy of its use for various 

,„„ic sucrose mjeet.ms, - 

purposes. 



ANEURYSM OF THE TEMPORAL ARTERY 

A Spoxtaxeous Case Cured by Operatiox 

Roswell K. Bkowk, M.D., akd Robert' H, jMehxert, jM.D. 
Buefalo, N. Y. 

(From the service of Dr, James H, LeiciSf Moses Taylor MospitaJj LachawantWf 

Mew Yorh) 

T he liistoix of treatment of peripheral aneurysms dates back to an- 
tiquity. In the third centiny Antillus used double ligature inci- 
sion, and packing. In the fourth century Philagrius advocated excision. 
In the eighteenth century Hunter demon.strated the value, in certain 
cases, of ligation at a distance, proximal to arterial branches. The 
advisability of this procedure obviously depends upon the regional anat- 
omy and the degree of enlargement of the anastomotic channels. The 
danger of circulatory deficiency and gangrene, which is of paramount 
importance in the management of many peripheral aneurysms, is of 
no significance in the temporal region because of the rich anastomoses 
of the branches of the external carotid artery. In 1SS4 and 1SS5, De 
Santi made a special study of temporal aneurysms and reviewed thirty- 
seven eases, three or which were considei’cd spontaneous true aneurysms. 
His record of Thomas Bartholin’s ease, which was recorded nr 1740, is an 
interestmg example of tlie traumatic type. The following is a transla- 
tion of De Santi ’s account. 

The olde.st observation of aneurysm of the temporal artery is that 
of Thomas Bartholin. He was called to a child of seven years, whose 
mother had struck him a violent blow with a stick on the left side of his 
head. 

"It produced instantly.’" he said, "a pulsatile tumor about the size of 
a tangerine, blackish, disappearing upon pressure, which in eight 
days enlarged finally to cover half of the head, i.e., the temple and the 
forehead from the sagittal suture to the eye. The consulted doctor’s, 
being convinced that a dangei-ous remedy was preferable to certain death, 
and having obtained the con.sent of the mother, opened the tumor with 
a bistouri. It made a notable hemorrhage, but the blood which spurted 
was arrested by a.stringents and after some days this child recovered 
by the grace of God and was returned to his sorrowful mother.” 

An excellent com]u-chensive review of the sub.icet of temiroral an- 
eurysm was published by ^Yin.slow and Edwards in 1934 and 1935. 
They tabulated the im|ioi-tant data on cases from the litcratrrrc : 9 
sy)ontaneous, (9 traumatic, .5 nncla.ssified, 15 arteriovenous, and 10 

for imhUralloU, Doc. 1>. 
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doubtful. Circoid and arteriovenous aneurysms are quite different from 
the condition urn are studying. At least some of tlie eases of post- 
traumatic aneurysm differed from pulsating hematomas only in dura- 
tion. It is M'ell known that syphilis causes aneurysms of only the great 
vessels; no case of temporal aneurysm has been considered of syphilitic 
origin. There have been other recent reports but we have been unable 
to find records of any cases of spontaneous true aneurysm of this 
artery other than the nine listed by Winslow and Edwards. 
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Klp. ,*». — rhotoj^raphi? of the patliolofric j^pccimvii >\holv (bolow) and bisected (above), 

an«i a eentiiiieter rule. 

C\SK Rr.i'or.T. — E. W.. male, t’!iui-a.>-i.an, aROii ru years, was admitted to tlie 
liosintal, May (>, I'lno. Almut fire years tieforo, tlie patient liad noticed a small 
swelling ,i«st in front of tin? rijihl ear. Tlie size increased with gnidual accclera- 
tinn; it was only nhont one-half its pre-onf size a year before. There was no 
pain and no symptom of any kind other than the presence of tumor. The size 
-eemed to deerea-e someuhat with re-t. There were no history of injury, no illne.s-cs 
during the past ten years, no venere.al infections. In lOdO, he waV in another 
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Tlie dressings were padded witli cotton and a firm figure-of-eight bandage was 
applied about the head and neck. 

The convalescence was uneventful. Four days after operation the larger skin 
stitches were removed and the patient was allowed to leave the hospital. There 
were no sj’niptoms or signs of local circulatoiy deficiency nor was there any inter- 
ference with nen-e function. 

The pathologic specimen measured 3.2 by 2,1 by 2.1 cm. (Fig. 3). It con- 
tained recent blood clot. Microscopic sections of the wall of the aneurysm showed 
uniformly thinned media (Fig. 4). 


DISCUSSION 

The patient presented himself for treatment only because of the 
enlarging tumor; there was no pain and no other symptom. Operative 
incisions were placed to give adecpiate exposure and at the same time 
leave no noticeable scars. It might seem that the neck operation with 
ligation of the external carotid was unnecessary. The rapid filling of 
the aneurysm after compression and the proximity of the facial nerve 
led us to take this precaution. Ligation distal to the origin of the 
Ungual aitery probalily would have reduced the blood flow into the 
sac more effectively. 

The extreme elasticity of the thin-walled aneurysm was a striking 
feature of the operative findings. The volume of the specimen as it 
was removed was apparently only about one-tliird the volume of 
aneurysm before interference (Pig. 2). The sac was immediately sur- 
rounded by loose connective tissue; its removal was easy. 

SUMMARY 

Aneurysm of the temporal artery is a rare condition which is usually 
post-tranmatic. Our case of spontaneous true aneurysm is apparently 
the tenth case of its kind to be reported. Cure was easily and safely 
effected by excision after ligation of the external carotid artery. 
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liospitiil for (Ir.'iiiKif'o ol ii mimhII sttlimctifn! ‘'iiJjsccss’’ and for circumcision. The 
only oilier known illne.ss wa.s .scarlet fever at tlic age of 4 years. 

I’liy.sical e.xainination sliowed nothing remarkable except for the tumor which 
measured about 5.7 by .‘1.0 by 11.5 cm. (Fig. 1). There were no vi.sible pulsations 
but upon palpation a definite expansile puli-e was felt. It was not attached to the 
skin. Tlio upper pole cotdd be moved a little over the temporal fascia and the 
zygoma, but the lower pole .seemed fixed. There was no audible bruit. Upon pres- 
sure, it would disapiiear; when released, it would expand again quickly (perhaps 
one to two seconds) with a soft palpable swish. 

The blood pre.s.sure readings were 1.'tfi/7S and 110/S2. The laboratory studies, 
including complement fixation tests for syphilis, were negative. 

Operation was performed with open cone ether anesthesia. Using the great 
horn of the hyoid bone ns a guide, an oblique incision was made in one of the skin 
creases of the neck. Both the internal and extenial carotid arteries were exposed. 
After demonstrating that compression of the external carotid made the aneurysm 
softer and slower in refilling, it was ligjitcd with black silk A'o. S (Fig. 2). 



4. photomicrograph of the wall of the aneurysm. 


A second incision was curved over the superior and posterior surfaces of the 
with its lower end just in front of the tragus. The aneurysm was situ- 
aneurysm zygomatic process of the temporal bone, extending up over 

ated fascia, and down into the parotid gland. It was of the fusiform type, 

the I’out and very elastic. The artery above was clamped, ligated, 

thin-walle pressure was applied with a finger behind the neck 

and severed. yegion of the bifurcation of the external carotid artery, 

of the mandib e m jgojated by sharp and blunt dissection. Tlio only sirterial 
tlie aneurysm was upper and lower poles; no auricular, transverse facial, 

communications were ^ (Kg. 3). The nrtery at the lower pole of 

or V'g'^ted with black silk No. 8. 

the aneurysm ^vas - ^ dosed by stitching- the .suI)('iit;ineous layer with fine 

rrhe wound of the face nas - wound in the neck was closed 

plain catgut and the Xo. 00 and the skin with black silk, 

fy sewing 
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ileum and the ascending colon. Similar operations wei’e attempted by 
Billroth in ISSl, and von Bergmann in 1SS2, hut it remained for Maydl, 
in 1883, to perform the first successful resection of the cecum. In his 
case, resection was preceded by ileostomy, which, six months later, was 
converted into an ileocolonic stoma. The patient died in the course of 
a year from recurrence. The next year Billroth reported a successful 
case in which primaiy end-to-end anastomosis had been performed; in 
1885, similar reports were published by Hofmokl and by von Bergmann. 
Barton, in ISSS, u'as the first to report successful resection in this coun- 
try, but he was never able to rid his patient of the artificial anus which 
he had established. 

As more of these operations were performed, it soon became apparent 
tliat the.v left miich to be desired. This was true of operations on all 
portions of the colon. In 1889, Franks collected fifty-two eases of 
“colectomy” from the literature and found that the mortality rate was 
40.8 per cent. His studies led him to conclude that, because of the poor 
survival rate, the operation was a failure as a curative agent for malig- 
nant disease but that it should ))c performed wlienever possible because 
of the symptomatic relief it afforded. As he found no difference between 
the mortality rate following immediate suture and tliat following estab- 
lishment of an artificial anus, ho advocated closure in order to eliminate 
a second opei’ation. 

Recognition of these poor results led to an active search for better 
methods of handling the problem. The chief hazards were peritonitis 
and shock. Some of the early operations took four or five hours to per- 
fom and required innumerable sutures, which defeated the purpose 
that they were intended to serve. Contamination might occur at the time 
of operation as a result of accident or careless technique, or, later, be- 
cause of a faulty svrture line. Efforts toward improvement by a quick, safe 
method lay in several directions. The fir.st was to keep all manipulations 
of the liowel outside the peritoneal cavity. This was the principle of 
exteriorization, employed of neeessity by Haydl, Sehull, and von Volk- 
niann, of design h.v Bloch, Paul, and von Ilochenegg and publicized by 
Hikuliez. It found its widest application in operation for lesions situated 
in the sigmoid, Imt it recent l.v has been warml.v advocated by Lahe.v and 
his a.ssociates in operation for lesions in the rijrht half of the colon as 
well. The relative speed and simplicity of this type of operation also 
aided in reducing the oeeurrence of shock. However, those who found 
the idea of an artificial anus reindlcnt strove to find a method which 
would combine the safety and s])eed of exteriorization with the obvious 
advantages of i)rimary anastomosi.s. The old method of suture was felt 
to be too time-consuming and uncertain, (’ountle.ss tricks and gadgets 
were tried to facilitate anastomosis. Among these were ^rcOraw's elastic 
ligature, IMurphy’s bult<in. Hndeluiig's cartilage plates. Reims hone 
plates, rilman’s carrot bobbin. Pilcher's jiotato bobbin, Rtarr's rubber 


liND-TO-END ILEOCOLOSTOJn': INDICATIONS FOR, AND 
FVAIAJATION OF, IN KESECTIOxN OF EIGHT 
PORTION OF COLON IN ONE STAGE FOE 
ilALIGNANT JA3SIONS 

ClIAHMCS W. i\rAYO,^ JI.D., AN’D CaIUj P. SCHLICKE,! M.D. 

JJOCIIKSTEI!, IMiXX. 

TT ]S geiioi'al]}" agroecl tliat the proecclure of choice in dealing: with 
A operable malignant lesions of tJie I'igJit j)ortion of tlie colon is z’adieal 
removal of that portion of bowel whieli lies between the terminal portion 
of the ileum and the middle of the transverse colon, together with re- 
moval of tlie associated glazid-bearing tissues. However, agreement as 
to the best means of aecomplisliing tin's end safely and expeditiously and 
of restoring continuity of the bowel is not general. It is our belief, as it 
is the belief of man.v other surgeons, that it is futile to attempt to stand- 
ardize resection of the right jzortion of the colon and the procedure to 
be carried out must be adapted to the patient. We consider as unsound 
all dogmatic statements made in regard to the questions of whether 
operation should be carried out in one, two, or more stages, the type of 
anastomosis that should be established, and the typo of suture that should 
be emplo.yed. Advocates of various methods are iji the habit of ascribing 
such success as they have achieved to some particular measure which 
they have devised or employed. Actually, success in management of 
these eases depezids on a nzultitude of factors, including selection of 
patients and preoperative and postoperative care. Surgeons ai*c ill ad- 
vised who feel that one particular step or method is all important or 
indispensable. 

It is our purpose to review briefly the background of the problem and 
to describe a method of operation which we have found satisfactory in 
certain cases. 

B.VCKGKOUXD 


Early resection of the colon was less radical than that customarily 
‘ ; I and consisted of resection of the tumor-beai'ing region 

■' diate performance of end-to-end anasfomosis. In 1879, Baum 
and g procedure for a lesion of the ascending colon in a case 

carrieu o performed for ob.sti’uctioji eight zveek.s jzim-i- 

in which ileos o . ^ resection was pei-formed. Later 

ously. The pa removed the ileocecal coil from a patient for 

in the same year, ‘ anastomosis between the terminal portion of the 

carcinoma and performea. 

~ , AfAvo 

epivision of Surge ^ Vta5'o Foiina.'>t'cn- 

Morca 20. 10-1-.^ 


Beceiv 
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taking study of the lymph Yessels and nodes in this region. They ad- 
vocated removal of all glands receiving direct vessels up to the gland by 
the duodenum at the origin of the ileocolic arteiy, which they felt was 
the highest “primaiy” gland. 

VARIOU.S PROCEDURES 

Although the actual resection of the colon now has become well stand- 
ardized, the remainder of the operation has not, since it may he per- 
formed in one, two, or more stages and by various types of technique. 
A lu’ief review of tliese methods with some of their advantages and dis- 
advantages may be worth wiiile. 

Operation in Multiple Stages . — Operation in multiple stages, includ- 
ing exteriorization of the segment of bowel which contains the growth, 
removal of this segment, application of clamps to the spui’, and closure 
of the residual stoma, has been practiced most widely at the Lahej' Clinic. 
Carter, Slattery, and Hahn, Patterson and Webb, and others have writ- 
ten of its virtues. It was stated that it afforded the least danger of 
peritonitis and the greatest safety to the patient, since there is no fear 
of leakage or contamination. According to Lahey, the large bowel, be- 
cause of its sacculated walls, scanty blood supply, virulent bacteria, bands 
and appendages, is unfavorable for suture. Exteriorization probablj’ 
is the simplest method of handling the problem, but the results have not 
been too successful in ail hands. The excoriating ileal dischax'ges, the 
degree of infection of the wound, the incidence of postoperative hernia, 
the long morbidity, and the necessity for many operations have led many 
to condemn it. Rankin-® stated that the Mikulicz procedure is followed 
by reciuTcnce in the abdominal wall in 12 per cent of cases. The limita- 
tions of the method were described by Sistrunk, who pointed out that 
it was applicable only to mobile or easily mobilized parts associated with 
a resectable mesentery, and that it was not suitable for large or adherent 
growths with infection or those associated with obstruction. Similarly, 
it was technically un.satisfactory in cases in which the patients wei’e obese 
or in which a .short mesentery was present. When used in such case.s, 
carcinoma or infection was likely to invade either the wound or the 
peritoneal cavity. 

Operation in Two Stagci . — Wakelcy and Rutherford stated that latei’al 
ilcoeolostomy followed by resection ten to fourteen days later is the cor- 
rect procedure for growths situated in the right portion of the colon, 
^lany surgeons agree. Pemberton and Whittaker felt that such a course 
lowered the mortality rate and increased the operability. Infection about 
the growth .subsides and olistruction is relieved after diversion of the 
fecal current. There is less reaction after re.section as f iiis is carried out in 
a separate eoini>arlme7it, formed by the adhesions of the finst operation. 
Dixon and Priestley .stated that the severity and shock of the operation 
are reduced by tlie two-stage procedure and that the second operation 
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lube, invagination rings and so forlb. TJic extent to wiiicii these devices 
aided in making anastomosis safer is attested l)y sucli studios as that of 
iilagill, M'iio, in 1S.94, made tJie first thoroiigii review of the literature on 
resection of the ileocecal coil. He found that the mortality rate was lowest 
in the hands oi surgeons who u.sed Ihttsc devices and that the mortality 
rate and incidence of fecal fistula were highest in ea.scs in which suture 
anastomosis was employed. Littlcwood found that ana.stomosis could be 
performed in ten to fifteen niinute.s, in contrast to the lengthy earlier 
operations. 

As these devices simplified anastomosis and, by their function, mini- 
mized late leakage, attempts were made to reduce the last major hazard, 
namely, contamination of the peritoneal cavity with contents of the 
bowel at the time of opei'ation. This was the search for a completely 
aseptic anastomosis. Initiated by the experiments of Halsted, in 1887, 
the crusade was ean'ied on udth the suture overelamp method of O’Hara, 
the Parker Kerr basting stitch, and the countless modifications of aseptic 
clamps which Rankin and others^*’ have devised. 


The final road along which safety in operations on the right half of 
the colon was sought was the operation in multiple stages. Following the 
first successful exclusion by Trendelenburg- in 1885, this operation was 
emploj'ed at first onl}’- as a palliative measure to circumvent obstruction. 
Later it was performed as a preliminai-y step to subsequent resection. 
By this method the unpleasant features of an artificial anus were avoided, 
and, by establishing anastomosis at one operation, resection subsequently 
became less hazardous. 

As more patients began to survive the operation and to die from re- 
currence, the cause for tlie failure of resection to effect a cure was sought. 


In the early operations, onI.y tlie growth and the immediately adjoining 
portions of bowel were removed. By takijig out more bowel and exercis- 
ing care to remove adjacent lymph nodes, it was found that the survival 
rate could be increased. Tire present pattern for resection was estab- 
lished by Friedrich, in 1904. He advocated removal of several inches 
of the terminal portion of the ileum, the cecum, appendix, the ascending 
colon hepatic flexure, and the first third of the transverse colon, along 
. V regional lymph nodes. Friedrich performed this operation in 
to- -uniting the terminal poi-tion of the ileum to the transverse 
one s ft , isoperistaltic anastomosis. The rationale of this 

colon y a summarized by Cheever, in 1931. Ho pointed out 

ti'pe 1 of a smaller portion of the colon did not give a u-ide enough 

that remova ^ proximal portion of colon, being ineowplelcly 

margin of sa e j amenable to anastomasi.s-, that the rich 
covered by P®” ° nnnimized the liability to necrosis at the suf m-e 

blood supply “ \eration relatively easy. The imporlau'-e of 
iine, and that the op ve.sscls and nodes cn masse with 

radical removal ot t Pobson and Jamieson, who made a pains- 

tbe growth was emphasized . 
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measure in cases in which the patient is debilitated and bleeding and 
who pi’obably could not stand more than one operation, Eanhin,-® 
Jones,” AVangensteen, Campbell, MaeFee, and Stone and McLanahan 
have advocated anastomosis by the so-called aseptic technique. Bell and 
Henley and many other surgeons now perform open anastomosis, occa- 
sionally employing a basting stitch. 

Continuity of the bowel may be restored by end-to-end, end-to-side, or 
side-to-side anastomosis. Each method has its advocates; Allen stated 
that this consideration is of no importance. End-to-end anastomosis is 
technically the simplest to perform; there is only one suture line and no 
blind ends are left. It has been stated that leakage is likely to occur at 
the mesenteric juncture because the space where the mesentery splits is 
devoid of peritoneum, but, according to Rankin and co-Avorkers,-“ faulty 
cutting or clamping, without adequate regard of blood supply, more 
often is the real cause of leakage. 

It has been stated that side-to-side anastomosis forms the strongest 
anastomosis and that vascularity is assured by supplement from the 
ileum. On the other hand, the blind ends, especially if left too long, may 
form reservoirs for the accumulation of waste. AVhether the abolition 
of peristalsis produced by cutting the circular muscle fibei-s is of prac- 
tical importance is doubtful. 

The end-to-side anastomosis is said to simulate most nearly the normal 
ileocolic relationship. In operations carried cut in more than one stage, 
it affords better bipassing of the fecal current but may prove dangerous 
if obstruction develops. 

Each of these methods has its proper place. It is when one method 
only is employed, to the exclusion of others, that an injustice is done 
to the patient. 

In the presence of acute perforation or in certain cases in which a 
lengthy operation would tax unduly the strength of a seriously ill pa- 
tient, exteriorization and tlic operation performed in multiple stages can 
be used to great advantage. In eases of localized perforation and high 
grade.s of infection, preliminary .short circuiting greatly facilitates and 
adds to the safety of subsequent re.seelion. AVlien obstruction exists, pre- 
liminar.v deeomprc.ssion is the primary consideration. If this cannot be 
achieved by medical means and if dilatation is not gi-eat, the bowel 
should be decompressed by a .short circuiting operation. If distention 
is great, ileastomy or ceco.stomy are the procedures of choice. I'ndcr no 
circumstances .should resection in one stage be carried out under such 
conditions, and, in the prc.sence of a dilated, edematous bowel, undue 
maniiiulaiion and attempt.s at ana.stomosis are unwarranted. However, 
in the ca.se of a patient wlio is well prepared preoperatively. wlio seems 
to be standing the procedure well, and whose growth is found to lend it- 
.self readily to resection, we feel that re.section and ana.stomosis in one 
stage is the ideal course to follow. As to the means by which anastomosis 
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KS saLcr hoc.-iuse of aulovaceinalion wliidi talvcs place during the first 
procedure. Ihcy j)ointed oi.l that if death occuns after resection in one 
stage, It IS qiiesHoned, in I’otrospeet, whether a procedure of Ie.ss magni- 
tude could have been adopted. Altliough this is true, que.stions also arise 
\\ leii cent i ocdiis aiter ojienition in two .stages. Kaiisom, in renewing 

le matciial at the Uni^ersit.v of Stichigan, concluded that operation in 
two stagc.s was the safest i)rocedurc, since the amount of manipulation 
earned out at one time u-as less, fic found that the time involved 
ac ually was not any longer hecau.se these patients had a smoother con- 
^ a esccnce, and, since malignant tumors of the colon were slow growing, 
there was no added hazard because the tumor was left in the body longer, 
iyien reached a simdar eonelusion on reviewing the material at Harvard 
University. Rankin^' felt that in any event it was the best procedure 
for surgeons who did not have .special training in this field. On the other 
hand, Lovelace and one of us (C. AV. j„ a review of SS5 eases en- 
countered at the Alayo Clinic, in 67 per cent of which resection was 
eauied out, found that tlie mortality rate was 6.7 per cent higher and 
the hospital sta.v twenty-four days longer following operation in two 
stages than in eases in which operation was carried out in one stage. 
The low mortality I'atc reported by the numerous advocates of operation 
in two stages maj' be owing to their failure to include deaths which 
occurred after the first stage of the operation. Furthermore, the short 
interval betMeeu stages advised by numei'ous writers is seldom feasible 
in actual practice. 

Operation iii One Stage . — Oiieration in one stage is the ojieration of 
pioneers in this field. Condemned for many years because of its dangers, 
the trend now is back toward it, as Rankin=« pointed out, because of the 
better preparation and selection of cases and the increasing experience 
of surgeons, hlo.vnihan, AA^ilkie, and Lockhart-AIummery in Great 
Britain, and Harvey, Andrew.s, Cheever, and MacFee in tliis eountiy, 


have advocated its use widely. Rankin-® stated early that it was ap- 
plicable in about one-half of the cases without inei'eased risk. Stone and 
McLanahan, who formerly advocated operation in more than one stage, 
now favor operation in one stage. 

The advantages of operation in one stage are many. The patient is 
subjected to only one operation and one anesthesia, with their attendant 
risks. Stay in the hospital is shorter and the time that the tumor remains 
in the body is reduced. This, according to Lovelace and one of us 
(C. AV. M-), is reflected in an increase of 2.5 per cent in the five-year 
survival rate. Resection is technically easier since the surgeon is un- 
hampered by the adhesions of a pre\dons operation. Since resection has 
to be performed, it might as well be at the first operation, as rcstoi’ation 
of continuity of the intestinal tract constitutes only a minor part of tlie 
operation. Although most of its advocates urge its use for patients in 
o-ood condition, there are those avIio would use it only as a ])alliative 
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measure in cases in which the patient is debilitated and bleeding and 
who probably could not stand moi'c than one operation. Rankin,-® 
Jones,’'* Wangensteen, Campbell, JlacFee, and Slone and iMcLanahan 
have advocated anastomosis by the so-called aseptic technique. Bell and 
Henley and many other surgeons now perform open anastomosis, occa- 
sionally employing a basting stitch. 

Continuity of the bowel may be rc.stored by end-to-end, end-to-side, or 
sidc-to-side anastomosis. Each method has its advocates; Allen stated 
that this consideration is of no importance. End-to-end ana.stomosis is 
technically the simplest to perform; there is only one suture line and no 
blind ends are left. It has been stated that leakage is likely to occur at 
the mc.senteric .iuncture because the space where the mesentery splits is 
devoid of peritoneum, but, according to Rankin and co-woi’kers,-” faulty 
cutting or clamping, without adequate regard of blood supply, more 
often is the real cause of leakage. 

It has been stated that side-to-side anastomosis forms the strongest 
anastomosis and that vascularity is assured by supplement from the 
ileum. On the other hand, the blind ends, especially if left too long, may 
form reservoirs for the aceunudation of waste. Whether the abolition 
of peristalsis produced by cutting the circular mu.sele fibers is of prac- 
tical importance is doubtful. 

The end-to-side anastomosis is said to simulate most nearly the normal 
ileocolic relationship. In operations carried out in more than one stage, 
it affords better bipassing of the fecal current but may prove dangerous 
if obstruction develops. 

Each of these methods has ihs proper place. It is when one method 
only is employed, to the exclusion of others, that an in.justice is done 
to the patient. 

In the presence of acute perforation or in certain cases in whicli a 
lengthy operation would tax unduly the strength of a seriously ill pa- 
tient, exteriorization and the operation performed in multiple stages can 
be used to great advantage. In cases of localized perforation and high 
grades of infection, preliminary short circuiting greatly facilitates and 
adds to the safety of subsequent resection. When obstruction exists, pre- 
liminary decompression is the primary consideration. If this cannot be 
achieved by medical means and if dilatation is not great, the bowel 
should be decompressed b.v a short circuiting operation. If distention 
is gi'eat, ileostomy or eeeostomy are the procedures of choice. Under no 
circumstances should resection in one stage be carried out under such 
conditions, and, in the presence of a dilated, edematous bowel, undue 
Tnanipulation and attempts at anastomosis are unwarranted. However, 
in the case of a patient who is Avell prepared preopei’atively, who seems 
to be standing the procedure well, and whose growth is found to lend it- 
self readily to i-esection, we feel that resection and anastomosis in one 
stage is the ideal course to follow. As to the means by which anastomosis 
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should bo curi-icd out, llie findings of Lovelnce nnd one of 71 s (0. W. i\I.) 
ore oi inlorcst. In :i review of the c;ises in wiiicli 7 ’esection in one stage 
W7IS i)erJoi'nicd .at the Jfayo Clinic, it wjis found that the mortality was 
23.4 i)ci' cent when end-fo-side auiisloinosis was pcilormcd ; 22.7 per cent 
when side-lo-side juiastoniosis Avas pcrfoiancd, and 19.2 per cent Avhen 
ci7d-to-ci7d aiui.stomosi.s was eanlcd out. It is this finding that prompted 
our interest in this technique and led to the pi’esent study. 

It long has beeii felt that if oi)ei'atio]i in one stage is jmrformed, a 
safety A-alve should be pi'ovided by i)erfoi'ming enterostomj' to insure 
against to7ision 07i the suture line caused by the collection of gas andAvaste. 
This has been an almost inviolable rule Avifh Hankin and associates,-" 
-Jones,’" and -Jiidd. Stone and McLanaha?! found it seldom perforined in 
their sei'ies of eases but felt that it .should be performed more often. 
Cheever felt that it did no harm. Wilkie and Loekhart-iMummery felt that 
it might be better to perforiii an operation in tAVO stages rather than per- 
form enterostomy. Ilaiu’cy eonden727ed the procedure as a source of in- 
fection and fecal fistula fi’om leakage around the tube; he felt that an 
iidying rectal tube came nearer to accomplishijig the desired result. 
Ransom found a much higher mortality rate in both palliatiA'e and cura- 
tive operations Avhen enterostomy AA-as performed. Lovelace and one of 
us (C. W. hi.) I'cpoi'ted a similar obserA'ation. 


GASES IK WHICH EKD-TO-EKD ILEOCOLOSTOJIA- AVAS PERFORMED AT THE 

e .AIAYO CLINIC 

The present study is based on a reA’ieAv of all cases encountered at the 
hlayo Clinic in Avhich resection of the I’igJit jiortion of the colon AA'ith 
end-to-end anastomosis of the ileum and colon aa'os carried out for malig- 
nant disease. Ninety-six such operations Avere perfoimed by eight 
surgeons prior to Jan. 1, 1942. Thei-e Avere eighteen hospital deaths, 
1 oross mortality rate of IS.S per cent. The average stay in the hospital 
of patients surviving operation AA^as 20.3 daj's. In fortj’-tAAm cases, 
Witzel enterostomy aavas carried out as a “safety” measure. Tlie mor- 
tality rate in this group Avas 28.6 per cent. The aA-erage stay in the hos- 


pital AA'as 


22.5 days. In the fifty-four cases in AA'hich enterostomy was 


established, the mortality rate AA'as 11.1 per cent and the average 
• "the hospital Avas 1S.9 days (17.7 days if one patient AA^ho stayed 
hiTirhospital sevent3-seAmi days is excluded). 

• tion Avas used most frequentl}' at the clinic in the decade of 
This opeia . surgeons became Aiwongly but increasingly 

1917 to 19“ t. rre'"- ’ 



aV IM ) it 

• " • the time of this writing, this operation 


111 


su 
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has been carried out in twenty-seven cases on tiie service of one of ns 
(C. W. M.) witli only one death, that of a man S2 years of age. 

' Technique of Operaiion . — The anesthesia is adapted to the patient; in 
most cases sjjinal anestliesia, supplemented by pentothal sodium, is found 
satisfactory. The abdomen is opened by a right rectus incision, the 
muscle being retracted mesially within its slieath. The liver is ijaljjated 
carefully for evidence of mela-stasis. iMetastasis is found in about 10 
per cent of cases of carcinoma of the right portion of the colon in which 
exploration is performed. The entire colon then is examined in order 
to determine whether other tumors are pre.sent. They may be expected 
in about 6 per cent of the ea.scs. The lesion tlien is examined cai-efully 
and its size, situation, and mobility arc determined. Kegional Ij-mph 
nodes should be palpated, although the decision as to their involvement 
rests with the pathologist. I?c.seclion then should be planned so that 
in its execution there will be no difficulty in effecting adequate removal 
and subsequent anastomosis. 

The cecum is elevated and retracted masially, and mobilization of the 
right portion of the colon is effected by incision of the lateral peritoneal 
reflection. By blunt dissection the colon and its mesentery are mobilized 
almost to the midline, care being exercised to avoid injury to the retro- 
peritoneal portion of the duodenum and the right ureter. A wide seg- 
ment of mesentery is resected to remove the Ijunph vessels and nodes 
draining this region. The mobilized segment of bowel is placed outside 
the peritoneal canty and is walled off with moist sponges. The ileum 
and transverse colon are cut aci-oss; usually about 6 inches (15 cm.) 
of ileum and about a third of the transvci’sc colon are removed. For 
lesions of the hepatic flexure, more of the transverse colon is removed. 
The segments to be used for anastomosis are grasped with rubber-shod 
clamps and division is effected unth the cold knife. The use of crushing 
clamps or cautery on segments to be used for anastomosis seems in- 
advisable as anastomosis is more likely to succeed in healthy normal 
tissue than when crashed tissue with thrombosed blood vessels is used. 
As emphasized by Loekliart-iMumnieiy, both the large and small bowel 
should be divided obliquely. The small bowel is divided obliquely in 
order to compeasate for the disparity in size which exists between it and 
the large bowel; the large bowel is dimded this wa.v in oi’der to insure 
an adequate blood supply to its entire circumference. If the opening 
in the ileum require.s further enlargement, this can be achieved by a 
longitudinal cut along the antimesenterie border, the edges being 
rounded off. The mucosa is swabbed with tinetui'e of merthiolate. 

The imbber-shod clamps are approximated, the wound is walled off 
carefully with moist sponges, and the poslcrior row of sutures is inserted 
in the form of a continuous silk stitch. The posterior suture of catgut 
in the mucosa then is inserted, the corner is rounded carefully, and the 
anterior borders are approximated nith an inverting stitch of the base- 
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bill! variety. Tlie niljber-sliod elamp.s arc removed and the outer row of 
silk sutures are inserted. Nearby epiploic tags arc drawn over the anas- 
tomosis for added security. Tlie cut edges of the mesenteiy are approxi- 
mated, eai'c l)eing taken not to .leopardize the blood .snpplj' at the line of 
the anastomosis. The raw surface of the interior portion of the ab- 
dominal wall is then covered Avith peritoneum as avcH as possible. RaAv 
surfaces and tr.ajjs should be eliminated. In ideal eases drainage is un- 
necessary. In the usual case, one or two soft rubber drains are inserted 
through a stab wound in the right flank into the retroperitoneal space. 
Occasionally a strand of silk is left attached at the site of anastomosis 
and is brought out through the abdominal incision to serve as a guide 
for draijJage. Tijictui'c of merthiolate is used liberall 3 % and, recentl.v, it 
has been our practice to insert 75 gr. (5 Gm.) of sulfanilamide powder 
into the peritoneal caA'ilj' before closure. Before the patient is taken 
from the operating room, the anal sphincter is temporarilj" paralyzed b.v 
thorough dilatation. This procedure has been found to be as effectiA'e as 
an inlj’ing rectal tube in preventing retention of gas and feces bj’^ the 
sphincter. 


The following variations were noted. Anastomosis b.y the aseptic 
method was performed in three of the ninety-six eases. Manj’’ of the 
aseptic methods are complex and time eonsuming. The designation 
“aseptic” maj' lull the surgeon into a false sense of seeuritA’- and cause 
him to forget more important fundamentals. Even after aseptic anas- 
tomosis, bacteria usuallj^ can be cultured from the line of suture. 
Crushing and burning tissue does not enhance its value for anastomosis. 
The sutui’es are carefullj' placed, including, ns Halsted demonstrated, 
the submucosa in each stitch and aAniding large numbers of sutures. 
As Wilkie pointed out, numerous sutui’es kill tissue and furnish a cul- 


ture medium for anaerobes. AA'oidance of tension, judicious reinforce- 
ment and, especiallj^ attention to blood suppB'^ accomplish more than 
emploATuent of a multitude of gadgets. Late leaks, rather than con- 
tamination at the time of operation, account for most deaths. In one 
of the early cases, anastomosis Aims carried out over a rubber tube. 


Perforating groAvths often require more extensive resection. Part of 
the abdominal Avail had to be removed in tJiree cases and the parietal 
jji a large number. Several feet of adherent ileum Avere re- 
in three cases and a loop of sigmoid Avas removed in another, 
r cases resection of outer coats of the duodenum and portions of 
In tAA'o c^ performed. Additional procedures, such as hernior- 

the pancreas , insertion of a tube for radium Avere cai-ricd 

rhaphy, mjom sovent.A'-six cases, hoAvever, the operation was 

out in one ease ‘ and it Aims only in the earlv cases that 
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carried out nations were treated in one stage, 

the most comp * -iously enterostomy Avas carried out almost roii- 
j^s pointed out picAio . - hoAvever, that enterostomy 

tinely in many of the eari. 
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not only is nnueccssai'y bnt actually is hazardous and adds fireatly to the. 
risk of operation. If tlie surgeon docs not like the appearance of the 
bowel or does not trust the anastomosis, he should perforin the operation 
in multiple stages and not feel that everything is set aright by placing a 
tube in the ileum. 

When we discovered the striking diffei'cnccs in mortality rates which 
existed in the cases in wliich entero,stomy had lieen performed and tho.se 
in which it had not, we thought perhaps this might lie due to the fact 
that enterostomy had been performed on the patients who were sicker, 
who had obstruction, or who had undergone extensive operations. A re- 
view of the cases disclosed tlial tliis was not true, that the two groups 
were comparable in every way, and that the only factor wliieh should be 
held accountable for the incroa.se of 17.5 per cent in tlic mortality rate 
was the enterostomy. As a substitute for enterostomy, it is advisable to 
dilate the anus thoroughly immediately after operation in order to 
pai-alyze temporarily the external sphincter. 

Sehefion of Canes and Findings at Operation . — In the early days of 
the operation there seems to have been little selection of cases. The 
operation to be performed depended largely on the whims or inclination 
of the surgeon ; whether he added enterostomy was largely a matter of 
personal conviction, some surgeons performing it routinely and others 
oeeasionally. 

The patients in this series of cases were between 15 and SI years of 
age; the average age was 53.9 years. Sixty-seven of the patients were 
men and twenty-nine, women. At the time of operation, fifty-eight 
patients were thought to be in good general condition, fourteen in fair 
condition, and twenty-four in poor condition. Complicating conditions, 
such as goiter, old tuberculosis, cardiac disease, or arteriosclerosis, were 
present in fifty-one cases. Two patients had amebic dysentery and eleven 
had under-gone abdominal operations within .six months previous to 
operation. A toxic goiter was removed from one patient a week before 
operation on the colon was performed. Obesity was marked in several 
eases; nearly all patients had anemia of some degree and a third had 
severe anemia. Half of those who had severe anemia reciuired trans- 
fusion before operation. Slairy patients had lost weight, a fourth of 
them having lost more than twenty-five pounds (11.3 kg.). Slight evi- 
dence of obstruction was noted in four cases and eight patients gave a 
histor-y of recurrent obstruction. 

The tumor was a carcinoma in ninety-three cases and a sarcoma in 
three. The lesion was situated in the cecum in fifty-nine cases, in the 
ascending colon in twenty-eisht, and in the hepatic flexiu-e in nine. In 51 
per cent of eases there was neoplastic extension through the wall of tlie 
bowel wliieh had involved the serosa, abdominal wall, or adjacent bowel. 
Inflammatory fixation had oecun-ed in sixteen more cases, so that in onb- 
thirty-one eases was the growth freely movable and of type A, according 
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ball variety. TJic I'ubber-sliod clamps arc I’cmoved and the outer row of 
silk sutures are ijisortod. Nearby ej)iploic tags are drawn over the anas- 
tomosis Jor added .security. Tiie cut edges of tlic tnesentery are approxi- 
mated, care being taken not to jeopardize the blood supplj" at the line of 
the anastomosis. The raw surface of the interior portion of the ab- 
dominal wall is tiien covered with peritoneum as well as possible. Raw 
surfaces and trai)s sliould be eliminated. In ideal eases drainage is un- 
necessary. In the usual case, one or two soft J’ubber drains are inserted 
througli a stab wound in the right flank into the retroperitoneal space. 
Occasionally a strand of silk is left attached at the site of anastomosis 
and is brought out through the abdominal incision to serve as a guide 
for drainage. Tincture of merthiolate is used liberally, and, recently, it 
has been our practice to insert 75 gr. (5 Gm.) of sulfanilamide powder 
into the peritoneal ca\’ity before closure. Before the patient is taken 
from the operating room, the anal sphincter is temporarily paralyzed by 
thorough dilatation. This procedure has been found to be as effective as 
an inljdng rectal tube in preventing retention of gas and feces by the 
sphincter. 


The following variations were noted. Anastomosis by the aseptic 
method was performed iti three of the ninet 3 '-six cases, iilanj^ of the 
aseptic methods are comple.x and time consmning. The designation 
"aseptic” maj" lull the surgeon into a false sense of securit.v and cause 
him to forget more important fundamentals. Even after aseptic anas- 
tomosis, bacteria usuallj" can be cultured from the line of suture. 
Crushing and burning tissue does not enhance its value for anastomosis. 
The sutures are carefull.v placed, including, as Halsted demonstrated, 
the submiieosa in eaeli stitch and avoiding large numbers of sutures. 


As Wilkie pointed out, numerous sutures Icill tissue and furnisli a cul- 
ture medium for anaerobes. Avoidance of tension, judicious reinforce- 
ment and especiall.v, attention to blood suppl.v accomplish more than 
erapIoAunent of a multitude of gadgets. Late leaks, rather than con- 
tamination at the time of operation, account ior most deaths. In one 
of the early cases, anastomosis was carried out over a rubber tube. 
Perforating growtiis often require more extensive resection. Part of 
abdominal "wall had to bo removed in tJiree cases and the parietal 
^ '^-4 enm in a large number. Several feet of adherent ileum were I'c- 
^ ■ three cases and a loop of sigmoid was removed in another, 
moved m o„ter coats of the diiocicnnm and poi-lions of 

In two CcS ' ijcvformed. Additional procedures, such as liernior- 
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moiiary infarction in llic otlicr. In one of tlicsc two cases, enteroslonn 
liad been pcrfornicd. One man, 82 years of ne:e, died of broncho- 
pnenmonia. 

SCMJrAKY AND CONCIX'SIONS 

There arc many methods for dealings with carcinoma of the right 
portion of the colon. We have reviewed a number of tliesc metliods, 
together witli their ))aekgi'ound and dcveloi)menl, Resection with end- 
to-end ileocolostomy in one .stage Ls a metiiod which lias been found sati.s- 
factory in certain case.s. Tlii.s operation has been j)crformed at tlie Mayo 
Clinic ninety-six times, with eighteen deaths. In forty-two eases com- 
plementary enterostomy was perfovined; the mortality rate in this group 
was 28.6 per cent. In the fifty-four ca.ses in which enterostomy was not 
performed tlie mortality rate was 11.1 per cent. We now regard enteros- 
tomy not only as unnecc.ssary hut also as an added hazard in conjunction 
with resection and anastomosis in one .stage. If the .surgeon has any 
misgivings, operation in two stages is preferable to the perfornuince of 
enterostomy. 
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■ 1o Dukes’ elas.sifiea1ioJi. Tiegioiial nodes were involved by metastatic im- 
^danls in 52 per cent of the cases. There was questionable involvement 
oi the liver in tliree eases and definite involveinont in one. In eighty- 
nine case.s operation was peiTornicd with tlic hope of cure; in seven 
cases operation was palliative because of involvement of Imnph nodes, 
local peritoneal extension which could not ho removed, or metastatic 
deposits in the J/mr. Adenontafous poiyp.s ^vere noted in three eases, in 
one of which malignant degeneration had occurred. Metastatic nodules 
were found in the mucosa of the ileum, cecum, and ascending colon in 
one ease. iU the time of operation the small intestine was dilated in 
eight cases and the large intestine in one. 

In general, care in the selection of cases has increased. Patients 
should be in fairly good general condition and should not have objective 
evidence of obstruction or of mai-ked inflammatory reaction about the 
growth if operation is to be performed in one stage. 

Preopevativc and Poatopevative Care . — In the early cases, the patients 
^Yere adinitted to the hosj^ital, given an enema, and, occasionally, a dase 
of castor oil and then submitted to operatioji. Noav great care is taken' 
to cleanse the bowel and to improve the general condition of the patient. 
When resection in one stage is anticipated, vaccine is given intra- 
peritoneally. After operation each patient is placed in an oxygen tent 
and given 500 c.c. of eitrated blood. Fluids are administered paren- 
terally, the oval route being prohibited until the patient begins to pass 
gas by rectum. Frequent insertion of glycerin sujijmsitories and tubes 
into the rectum facilitates the passage of gas. 


Coniplioations . — Infection of wounds was the most common complica- 
tion among tiie patients who survived operation ; it oeciiiTcd in twenty- 
ciWit cases. Infection of wounds has been less frequent since the use of 
sulfanilamide. This and other complications were common among pa- 


tients ^'’ho imderwent enterostomy. Fceal fistula developed in only two 
eases All fistulas caused by enterostomy tubes closed spontaneously. 
Pulmonary complications wei'O infrequent among patients who snrrircd 
■atioii- atelectasis and pneumonia occurred in one ca.so eacli, and 
^ infarction in two ea.ses. IJou.s occiu'i'ed iji tlii'oe cases, in one 


it was necessary to ])erform ileostomy. C.^-slitis was noted in 
° cases IjOW grade inflammatory processes about the site of an 
nosis which gradually di.sappearcd. occurred in three ca.ses. Pare- 
develoiW<i submaxiilary mumps in one. 

^ f Deftili —General peritonitis was the most common eau.se of 
Cause of accounted for fifteen of the eighteen fnUililies. 

death pUCTmoiiia also was pre.sont and in one, pulmonary 

In two of thes < e^evou of these fifteen eases, ileostomy had been 

embolism oeerwre • <j,c of deatli in two ca.so.s-; it wa.s- 

performed, boca' V .,euic endocarditis and pul- 

associated with liens 


of which it was 
seven cases. D 
anastomosis, win 



DOUBLE LOOP RECTAL RESECTOR AND BIOPSY 
FORCEPS 

Robert TuKEt^L, ]M.D., Neu' York, N. Y. 

“^IIE instniment illustrated in Fig. 1 is designed for the endoseoi)ie 
electric resection of rectal i>apillifcrous new growths as well as for 
the removal of specimens for histologic studies. This instrument is 
especially u.scful for the e.v.tirpation of large, broad, sessile adenomas 
when the looping of the pedicle with the ordinary single wire loop snare 
is either technically impossible or unsafe. 

The instrument consists of a pair of J'emovablc tungsten wire loops 
mounted at the distal end of an insulated shaft and actuated by forceps 
handles. The proximal loop transmits the cutting current and meshes 
into the stationary, inactive distal loop which is slightly larger. The 
proximal loop travels a maximum longitudinal distance of 2 cm. parallel 
to the shaft of the instrument. 



The shaft with the loops has a rotating mechanism near the handle 
which permits rotation of 360 degrees, aldn to that I have already 
described.^ Thus, by rotating the shaft of the instrument, the loops 
can be made to face a suspected lesion located anjwvhere on the circum- 
ference of the terminal towel. 

Since the loops are eonsti-ucted of rvire, they offer no appreciable 
obsti-uc tion to vision and thus the lesion remains in full view during 

Received for publication, Jan, S, 1942. 
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METHOD OF CLOSING THE PYLORO-ANTRAL POLXTI 
IN THE ANTRAL EXCLUSION OPERATION** 


0\rcX II. 'W.VXGKXSTEEX. M.D., !MlNNE \E0E1S, ^IlXX. 

(From iJie department of Snrpcrt/, Vnitcri,ttp of .Ifiniietofn ^^cdical School) 


F INSTERER, described antral exclusion as an alternative method of 
dealing nifh the diffienlt, indurated ulcer diirintr the course of gastric 
I'csection for duodenal ulcer. In the same paper, Finsterer stated that 
the mucosa from the residual antral fragment misrht be removed at the 
same time. As recently as 19.34, ho'vevcr. Finsterer insisted that it did 
not make any apprcciai)Ic difference in (he end result, whether the antral 
mucosa wa.s i-emoved or allowed to remain. At that time, he stressed 
extendins: the resection proximally, removing usually two-thirds of the 
stomach: also, he belie' od it important to attempt to obviate retrograde 
filling of the afferent je.iunal loop of the ga.sti’ojejunal .stoma. In 1934, 
Finsterer admitted an incidence of gastro.ie.iunal ulcer in 6.4 per cent 
of the patients upon uhom he had performed the antral exclusion 
operation. In the meantime (1940), apparently, Finsterer has adhered 
more consistentl.v to the more e.xtensive gastric resection and has become 
aleii; to the great importance of excising the mucosa from the residual 
antral pouch, even thoueli he allots the pyloric sphincter to remain. 
YTith this practice, Finsterer has not observed the occurrence of gastro- 
jejunal ulcer followina: the antral exclusion operation. 

In 1926, the Dutch surgeon, 'iVibnanns, pointed out the importance 
of excision of the antral mucosa for the success of the antral exclusion 
operation for duodenal ulceis AVilmanns stated that he had perfonned 
antral exclusion with simultaneous removal of the antral mucosa in 
difficult duodenal ulcers since 1923. He divided the antrum 2 cm. 
proxunal to the pylonis and dissected out the antral cylinder of mucosa 
and closed the resulting seromuscular pouch. In 1931, Drfmer, in a 
vers' brief paper, composed of two short paragraphs, mentions that he 
had performed such an operation, not unlike that described previously 
by Wilmanns. Independently, Bancroft (1932), in this countrj-, de- 
scrilied excision of the antral mucosa as a variant of the Devine exclu- 
sion operation for duodenal ulcer In the preceding three and a half 
yeans, Bancroft had done fourteen such operations, all the patients mak- 
ing a satisfactory operative recovery, Bancroft states that he was led 
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rcsceiion. The ligJit coiisiniclion of the loops is made possiWe by the 
app.nrent absence of resistance of the tissues to tlic cutting current. 

To remove a tumor, the oj)en loops are placed upon tlie neopl.asm; 
the desired cutting current is apjdied and tlie loops are closed as illus- 
trated in Fig. 2. These maneuvers a^-e repeated until all the intraluminal 



projections of the 2 ieoplasni arc i-esected; the base of the tumor may be 
coagulated at the conclusion of the resection or at a later date. Bleecl- 
intv is usually prevented by the hemostatic effect of tlie cutting currcjit 
or”it ma.y be easily controlled by coagulation (with the same instru- 
ment) merely by substituting the coagulating for the cutting current. 
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who admits a liiijher incidence of postoperative complications with the 
exclusion operation. Finstercr admits, too, that he finds it necessary 
to employ drainage quite frequently. 

THE EXPERIENCE OP THI.S CEINIC WPriI THE ANTRAL EXCLUSION OPERATION 

Somewhat more tiian four yeai’s ago, a plan was set up in this clinic 
to test the capacity of a numher of operations for ulcer to reduce 
gastric acidity.' As others (Ogilvic, 1938, and Allen and Welch, 1942), 
we learned, too," to our sorrow, that antral exclusion without exentera- 
tion of the antral mueosa, even though accompanied by extensive gastric 
resection, was a poor operation for nlcei’, in that it tailed to protect 
the patient against gastrojejunal ulcer. When, however, excision of the 
antral mucosa was added (dc.scrihed as the 4a operation in this elinie, 
see Fig. 1), this procedure appeared to be equally as effective as the 
Group 3 operation (extensive gastric resection with excision of pylorus 
and antrum) in depressing effectively the secretion of liydroelilorie 



Fjg: 1 — Types of opeiatzon subjected to scrutiny in this clmic Fairly consistent 
achlorhjdiia attends onl> opeialions and -la (Arch. Surg, 44: 4S. 1942 ) 

acid and in ridding the patient of the ulcer diathesis. As a matter of 
fact, not a single stomal ulcer has attended either the Group 3 or 4a 
operation in this clinic. However, we experienced the same difficulties 
with the technical features of the 4a operation (antral exclusion and 
excision of antral mueosa) that Allen (1942) and Allen and Weleli 
(1942) described. The first operation of this type was performed in 
this clinic in January, 1941. By August, 1941, thirteen such operations 
had been performed. Of this number, two developed a subphrenie 
abscess, necessitating surgical drainage (C. K., University Hospital No. 
705300 and G. B., University Hospital No. 706376). In the instance 
of the latter patient, a drain had been placed beside the antral inversion. 
In both patients, the abscess formed beneath the left diaphragm, an 
occurrence emphasized previously by Carter. In two additional patients, 
the nature of the antral closure was such as to suggest the necessity 
for the employment of drainage. All the patients in the group recovered. 
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lo perforin excision of llie nnlral mucosa as an adjunct to the Devine 
exclusion operation on llic suggestion of Dr. L. G. Cole, ivlio believed . 
that removal of Ibe antral jnueo.sa would improve the results of the 
Dcviiic operation. Bancroft ’s illustrations suggest that be removed the 
mucosa from about the distal one-third of the stomach, certainly from 
the entire antrum. He did not then recommend .simultaneous resection 
of the eorporie and fundic zones (actively secreting) of the gastric 
mucosa, as had Pinstei'er (1918) and AVilmanns (1926) previously. 

In the intervening yeai's, antral exclusion with excision of the antral 
mucosa, as an item in the operation of extensive gastric resection for duo- 
denal ulcer, has gained in popularitj' among gastric surgeons. Edkins 
(1904) had pointed out, inan.v .years before that, the antral mucosa, 
although it did not itself secrete h.ydrochlorie acid, augmented the secre- 
tion of hydrochloric acid from the eorjioric and fundic zones of the 
gastric mucosa. The operation of antral exclusion with excision of 
the antral mucosa, therefore, has a sound ph.vsiologic basis. The Edkins’ 
hypothesis of hormonal control of the gastric phase of gastric secretion 
is probably correct onl.y in part, for as has been pointed out previ- 
ously,”' the small gastric resection with complete removal of the 
antrum will fail to protect a patient from recurrent ulcer unless an 
aceompan.ying extensive resection of the eorporie and fundic portions 
of the stomach is done simultaneousl.v. 

In 6erman.y, Biirkle-de la Camp (1933) and Plenk (1936) expressed 
enthusiasm over the antral exclusion operation and depicted technical 
features of the operation. Zukschwerdt and Horstmann (1936) named 
a number of German surgeons who had displayed an interest in the 
procedure. 

The experience of Ogilvie (1938) with the antral exclusion operation 
has served to focus important notice on excision of the antral mucosa 
for the success of gastric resection for duodenal nicer. It is now a 
matter of common experience among surgeons that leaving a small 
fragment of antral gastric mucous membrane ma.v prejudice the result, 
even though extensive simultaneous excision of the coiT)oric and fundic 
(actively secreting) mucosa is made. Two such patients have been ob- 
served in this clinic.” 

Allen (1912) Allen and AVclch (1942) endoise the operation of 
■ 1 exclusion with excision of the anti-al inueo.sa for difficult duo- 
T ^1 ulcers when accompanied by simultaneous extensive gastric rcsce- 
. mj r’l-eport thirteen instances in which the operation was done, 
tion. 1 i -vvliereas the end results of this 

with one dea ‘avallcl closely the splendid achievement of tlie 

operative piuce pyloric sphincter and antrum arc 

more extensive mcideiice of complications is greater and the 

removed complete .v, eon.sidcrahly longer in the antra! 

postoperative convales parallels that of Finstercr (1940), 

exclusion group. Tins c-i 
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who admits a liiiiher incidence of postoporativc complications with the 
exclusion operation. Finstercr admits, too, that he finds it necessary 
to employ drainasro rpiitc frenuently, 

THE E.XPERIEXCE OP TIII.S CI-IXIG WITfr THE AXTRAU EXCUUSIOX OPERATIOX 

Somewhat more than four years atro, a plan was set uj) in this clinic 
to test the capacity of a number of operations for ulcer to reduce 
gastric acidity.' As others (Ogilvic, 1933, and Allen and Welch, 1942), 
we learned, too,’” to our sorrow, tiiaf antral e.xclusion without e.xcntera- 
tion of the antral mucosa, cveJi though accompanied by extensive gastric 
resection, was a poor operation for ulcer, in that it failed to protect 
the patient against gastro.ic.iunal ulcer. When, however, excision of the 
antral muco.sa was added (dc.scribcd as the 4a operation in this clinic, 
see Pig. 1), this procedure aj)pcarcd to be equally as effective as the 
Gi’oup 3 operation (extensive gastric rcseetio)i with excision of pylorus 
and antrum) in depre.ssing effectively the secretion of hydrochloric 



Fie. 1. — Types of operation subjected to .scrutiny in this clinic. Fairly consistent 
achloihydria attends only opeiations 4 , and 4a. (Aich. Surg. 44: 4S, 104-.) 

acid and in ridding the patient of the ulcer diathesis. As a matter of 
fact, not a single stomal ulcer has attended either the Group 3 or 4a 
operation in this clinic. However, we experienced the same difficulties 
'vith the technical features of the 4a operation (antral exclusion and 
excision of antral mucosa) that Allen (1942) and Allen and Welch 
(1942) described. The first operation of this type was performed in 
tliis clinic in Januarjq 1941. By Augu.st, 1941, thiiteen such operations 
had been perfomed. Of this number, two develoiied a subphreuic 
abscess, necessitating surgical drainage (C. K., University Hospital No. 
705300 and G. B., University Hospital No. 706376). In the instance 
of the latter patient, a drain had been placed beside the antral inversion. 
In both patients, the abscess formed beneath the left diaphragm, an 
occurrence emphasized previously by Carter. In two additional patients, 
the nature of the antral closure was such as to .suggest the necessity 
for the emplojTnent of drainage. All the patients in the group recovered. 
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Iiia.snnich as our exiiericiicc ^villl duodenal closure in tlic Group 3 
operation, wliefliei' done J'or gastric ulcer, cancer, or duodenal ulcer had 
boon eminently sntisi'iiciory, it was ohvions that the difficulty lay with 
the nature of the closure. In the fii’st group, the elo.sure was effected 
as shown in Fig. 2. Since then,’’-’ fifteen additional antral e.vclusions with 
simultaneous excision of the antral mucosa have been done as an incident 
in c.xtensive gastric resection for indurated duodenal ulcer according 
to the plan shown in Fig. 3. 



o Tpchniaue of the antral exclusion operation as emploj-ocl in the first series 
*1,0 ^mcpcltire illustrated here probably conforms to standard surgical prac- 
clamped and divided at the pylorus In A is illustrated the 
tice. The mucos otIovic mucosa, which may be done with a running suture of 
closure of the aiviu uj illustrated the technique of securing closuie 

catgut just '• rofnu^iulai antral poucli b\ two inversion sutures as a inattci 

of the rcbi^timng seroiim simple as Illustrated here (see text), for the antral 

of fact, the matt^er is not ^ ,,,own anothei cause for failure of this 

funnel narrow-s towar me w ^ closed space. These two items di/ncultj; 

type of oP®''ation. naiia . make the usual method of closure of the pyloro-antrnl 

rTf inversion, anq ueavi 
?Ldi unsat. sfactor)-. 

technique 

1*. occonfial difference in these two techniques of performing tlie 
Theonl> n^ei-ation relates to the manner of effecting closure 

antral exclusi pocket denuded of antral mucosa. In both 

of the resultmi • pyloric valve was divided and closed tvilh 

procedures, the iwico j^jcntical manner. In the earlier 

1 nmnuig suture o < .qipral pocket was accomplished by one 

operations, closure ot ;,,*emiplod silk .sutures. Inasmuch, however, 
inverting rows ot 


or 



WANGEXSTEKX : CLOSING THE X'YLOKO-ANTKAL POUCH 


735 


as tlie rcinaiuiiipr antral ])oucli narrows lowartl the jiylorns like a funnel, 
it is obvious that satisfactory invei’sion oi the ])critoncal inaririns of tlie 
rim of the antral funnel may be very difficult and even imiiossible of 
nice and precise accomplislnnonl wit bout tension on the sutures. An- 
other weakness of the inversion method of closure lies in the leaviiifT of a 
dead space (Fiii. ~K), an item to which Bancroit (1D32) and Plonk 
(1936) had dramr attention; if this dead space is obliterated by sutures 
from within the pouch, the invei'sion. in turn, is made even more 
difficult. Finsterer (1940) employs two rows of inversion sutures to 
secure closure of the antral pouch after excision of tlic mucous mem- 
brane. Bancroft (1942) states that lie has latterly employed triple 
inversion. 



Fig. 3 . 7 — Technique of closure of the pyloro-antral pouch described herein and now 
in current use at the XTmversUy Hospitals. A, revision of the antrum 4 to 5 cm. 
above pylorus (usually slightly less than . .V-- -ll: • .i rubber-shod 

.pylorus provides secure ■ »\jssection and 

mucosa. C, Closure of the divided pyloric xnucc ■■...■ .•.* ^^•tgut;, D, Ad- 

circular muscle by two 3- < ■ ■ ■ ‘ : mattress of 

bites coming and two retu;-.**.-. ? ; md the effect 

circular muscle, to be approximated by Halsted mat- 
]veU shown here. F, The suture completed. Two rows 
placed : the dotted line indicates the site for excision of 
pouch. The rubber-shod clamp is removed at this 
SSthmit trimmed edges of the pouch liave been approximated 

rtinninc Suol? Halsted mattress sutures of fine silk or a simple 

S a margin of omentSS 

or a margin oi the right border of the transverse mesocolon.) 
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The difficulties related aboA'e suggested tliat the peritoneal inversion 
should he omitted altogether. Dux’ing the past year (since August, 
1941), the antral exclusion operation has been performed as shown in 
Fig. 3. The mainstay of tliis procedure, Avhich, in our hands, has been 
uniformly successful, lies in a careful approximation of the submucous 
and circular muscle layers by a single row of interrupted sutures of 
tine silk, placed after the Halsted mattress pattern, immediately above 
the closiu’e of the pyloric mucous membrane. In the lower portion of 
the antral pocket near tiie pylorus, the circular libers of the muscle coat 
of the antrum stand out very prominently (Fig. 4), and appear, when 



Pj„ 4 Drawing from a post-mortem specimen, A 10 per cent formalin .solution 

w-is nut into the stomach at autopsy, the duodenum .-ind esophagu.i being ligated: 
'Vfp,, fnrtv-eight hours of refrigeiation this dissection was made. It is to be noted 
ti it fhp circular muscle is a well-developed muscle several centimeters pro.ximal to 
„ A.inric iDhincter. This observation i.= well known to anatomists. It i.s appro.xi- 
4 V,V these circular muscle fibers that i.s important in effecting an adequate and 
mation 01 II e nvioro-antral pouch, aiicro.scopie studies of the antral niucosn 

sate operation indicate that the submucosa is removed with the niuco.sa. 


-■ -ed from the inside of the residual antral poucli, not unlike a 
siffiincter muscle Avhich, in fact, this circular mu.sclc becomes at the 
Ai . . After placement of a row of interrupted silk .snture.s, the 
py oius. leaving only enough tissue to per- 

remuan s of the edges, without inversum. If the circular 

miteasyappio- ‘ particularly well developed, a second row of 
muscle of i may be placed, if it is felt cle.sirable. The final 

interruptecl siiK . 2>crifoneal muscular cuff may be 

approximation o ^ sHk .siitiirc.s. As a final gesture, 

made vitli rimumg • j- oiiicntnni or it may be buried 

the closed pouclnscovcicclAMt 
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gently in the cxti'cnie right portion of the riglil transverse mesocolon. 
Drainage is not employed. 

Ordinarily, patients in our elinie are dismissed from tlie hos])ital on 
the eleventh day after gastric re.section. In this latter group of antral 
exclusion operations, only one patient stayed longer. This patient 
developed a pro.statitis from an indwelling urethral catheter (the only 
complication in the series), nece.ssitating a postoimi'ative hospital stay 
of twenty day.s. 



Fijr oA 


Fig 5— A and B, Methods m use m this clmic for performance of the Group 3 
operation in which antrum and pylorus are excised A, The method of eiection for 
closure of the duodenum J to 6 indicate the \anous steps in the procedure {Re- 
produced from SupGEpy 8: 275, 1910 and Surg, G>nec & Obst. 72; 260 1941.) 


INDICATIONS FOR THE ANTRAL EXCLUSION OPER \TION 

The only justification for thi.s procedure lies in the rather frequent 
ocennenee of an indin-ated duodenal ulcer; under these circumstances 
it i.s difficult to mobilize tlie duodenum and obtain a secure closure. 
During the past year, it has been observed in this clinic that such ulcers 
have not infrequently an antecedent story of obstruction. From our 
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cxpei’ionce il would u])peiu' that an oecull, sealed duodenal perforation 
is the most coinnioii cause of pyloric obstruction by duodenal ulcer,-'’ 
Duodenal stenosi.s, in our experience, is a rather uncommon occurrence. 
An ulcer in the pyloric valve may cause obstruction without actual 
penetration of the entire wall. This occurrence too, however, is far 
less comnionlj' a cause of obstruction than the sealed occult duodenal 
perforation. The area of induration in juxtaposition to the ulcer crater 
ap2:)ai’CJitly brings about extrinsic duodenal compression and obstruction. 



F)fr ."in 


j,,,. 5n.-The n>ethoa_en,pIoyca 


T t -ne of ca.se in which the antral exclusion operalio7i is 
It IS posterior duodenal perforation may be dealt with 

indicated. a'.eat difficulty by the technique shown in Fifr. hli, 

ordinarily vuth no jlie .superior maigiji of the duodenum 

a sealed duodenal Pe ‘ li^rjnnent) is usually vei-y diffieult to close 

(atthe gastroduodeno . "gv -pj,e ,j,ea of induration in jiiMa- 

Lctu-ay i.r »">■ 
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posiliou to tlic hIcci' crafei’ i'o1)s the surficon of readily available tissue 
to utilize in the closure. Yet, even these ulcers may he closed when the 
sui’geon eiicounters this situation in an actively hloeding duodenal ulcer; 
under these circumstances he is foi’ced to uncover the hlcedinp: i)oint. 
In the patient, with a bleeding duodenal ulcer, o])eratcd upon alter 
the risk of active hemorrhage has passed, the antral exclusion operation 
may be considered to be the opeiutive procedure of choice. If the 
surgeon fails to suppress his curiosity over the nature of the ulcer crater 
and puisnes his dissection until he ascertains its exact nature, he may 
become ensnared in a trap by the supraduodenal ulcer perforation. 
This meddlesome venture.somene.ss of the surgeon may cost him hours 
of tedious eft’oii to extricate himself and bis patient from the difficulty. 
It is for this type of duodenal ulcer that the anti-al exclusion operation 
is ideal. It saves the surgeon much labor and grief. 

Obviously, the antral e.xclusion operation is not intended for a ])er- 
forated prepyloric ulcer. In order to insure maximal ])rotection against 
ulcer recurrence, all of the antral mucosa mast be excised. 



Fig, 6. — Schematic drawing sites of sealed perforation 

whicn give rise to the necessity antral exclusion operation ■with 

antral mucosa ; it is erforation Yi'hich is particularly 

difficult to close and for which tl herein is particularly adapted. 

Allen and Welch (1942) state that “McKittrick has suggested a 
deliberate two-stage resection in poor risk patients who have extensive 
ulceration or inflammatory reaction.” Pinsterer (1940), too, emploj-s 
the two-stage antral exchision operation in patients -who have both 
duodenal vdeer and cholelithiasis. In this clinic, the one-stage gastric 
resection is done regularly, the patient, if obstnicted, being prepared 
by intragastric drip feedings of a mixture rieli in carbohydrate and 
protein and low in fat (Varco, gastric diet No. 2),” or by intravenous 
feedings if the pyloric obstruction does not relent. Simultaneous ex- 
cision of a diseased gall bladder encountered coincidentally during gas- 
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experience it would ap2)car that an occult, sealed duodenal perforation 
is the most common cause of pyloric obstruction by duodenal ulcer.-” 
Duodenal .stenosis, in our experience, is a I'atber uncommon occuiTence. 
An ulcer in the pyloric valve may cause obstruction without actual 
]>enetralion of the entii-e wall. This occurrence too, however, is far 
less commonly a cause of obstruction than the sealed occult duodenal 
perforation. The area of induration in juxtaposition to the ulcer crater 
aijparently brings about extrinsic duodenal compression and obstruction. 
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nmnloved for a st.ticd posterior duodenal perforation In the 
Fig. 5n.— TI'O or "•■on Gio perforation K broken Into <Uiilng the 

?L‘;f.rot«,e" dissection. 


It is posterior duodena pei'foi'atioii may ho cIciiU with 

indicated, un > ‘ difiricully hy the fecbnif|iic shown in Fig. r>B, 
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of ease in Avhich (ho antral exclusion opmitioii is 


ordinarily with no g ^ ,i,p },„j,crior margin of the dnotlcnnm 
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trie reseclioii fov ulcer or carcinoma has l}cen performed a number of 
limes in tin’s clinic. As yet, no sugge-slion has been observed that such 
an additional procedure enhances the ri.sk. Obviously, the surgeon 
must be willing to take enough time to do the incidental procedure as 
well as the one for udiicli operation was undertaken primaril.y. Our 
practice has been to attempt to prepare the patient well for o?ic opera- 
tion and to take enough time to do it to the surgeon’s complete satisfac- 
tion. The experience of this clinic suggests definitely that the necessity 
of operating quickly is only a myth, granted satisfactory preoperative 
preparation of the patient and rvell-controlled management of the 
patient during and after operation. 


SUJIMARY AND CONCLUSIONS 

The success of the antral e.xelusion operation when combined with 
simultaneous extensive ga.stric resection suggests that: (1) The pyloric 
sphincter need, not he excised to effect a cure of ulcer; (2) the duodenal 
ulcer may be left and the ulcer diathesis done away with ; it is not the 
ulcer itself which constitutes the real hazard for the patient with an 
ulcer, but the acid ulcer diathesis. Extensive gastric resection, when 
accompanied by complete excision of the antral mucosa, abolishes the 
ulcer diathesis. 

The antral exclusion operation with .sacrifice of all of the antral 
mucosa when accompanied by an extensive gastric resection is a satis- 
factory and effective operation for so-called irremovable or inoperable 
duodenal ulcer. The operation 1ms not come into general favor among 
o-astric surgeons because of the likelihood of leakage from the residual 
antral pocket. A Icchnicjue of pcrformin,g the antral exclusion o])cra- 
tion with excision of the antral muco.sa in which leakage can bo 
avoided, is described. 
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and trachea. Postoperative traclieitis and edema of the larynx causing 
ohstruction may be tlie likely consequences. When the trachea is very 
thin, it is difficult to see why perforation may not occur, though I have 
found no reported case. 

Few intrathoracic goiters require the use of an intratracheal catheter 
for their removal. The decision as to its necessity generallj^ cannot 
be made prior to operation. In the presence of tracheal obstruc- 
tion local anesthesia alone should be used at least until the trachea has 
been exposed. After exposure of the trachea, should an intratracheal 
catheter be considered necessary, it may be inserted through a tracheot- 
omy and the operation continued under local or gcnei’al anesthesia, or 
the catheter may be passed transorally in which case general anesthesia 
would be instituted. The technique of the removal of ?n intrathoracic 
goiter is materially affected by whether or not an intratracheal catheter 
is used. Without a catheter in place, local anesthesia is generally used. 
Extreme gentleness is of the utmost importance. Operative manipula- 
tion must guard against increased pressure upon the trachea and, if 
possible, steadily relieve the pressure already upon it. In case the 
obstruction is at the superior strait, the ainvay often improves suf- 
ficiently during the course of the operation to permit the institution of 
inhalation anesthesia. The use of the intratracheal catheter is usually 
attended by general anesthesia, particularly if the transoral route is 
used. The trachea is protected against obstruction and the patient is 
unconscious of pain, thus permitting a more rapid performance of the 
operation. 

It is my practice to use the intratracheal catheter not as a routine 
procedure of choice but only when indications for its need develop dur- 
ing the course of the operation. The catheter is then passed through a 
tracheotomy tube. The management of these cases in this manner will 
be considered. 

Absolutelj" essential is proper preoperative preparation. Upon ad- 
mission to the hospital these patients often maintain an adequate air 
exchange only with a conscious effort. Sleep brought on hy exhaustion 
is soon interrupted by periods of respiratory obstruction likety caused 
by change in the position of the head. Coughing paroxysms are fre- 
quent and often appear alarming. They are generally caused by at- 
tempts to bring up accumulations of mucus that may collect below the 
obstniction. One patient was observed to bring up long casts of the 
trachea and bronchi, which she would extract with her fingers. 

In most instances the pressure symptoms are greatly relieved by bed 
rest and the use of opiates and other sedatives. The cough practically 
subsides, the excess mucus ceases to form and breathing becomes easier. 
Hyperthyroidism, if present, must be taken into proper account. The 
usual preoperative treatment requires from one to several weeks. 

The position of the patient on the operating table must be such as to 
permit an adequate air exchange, without undue effort. This is often 



OPERATIVE TECHNIQUE FOR INTRATHORACIC GOITER 
WITH ESPECIAL REFERENCE TO THE 
MAINTENANCE OF AN AIRWAY 


WiLLUM H. PmoLEAV, M.H., F.A.C.S., Charleston, S. C. 
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/^NB of the chief difficulties in the removal of an intra thoracic goiter 
is the maintenance of an adequate airway. Whiie an intratracheal 
catheter inserted imnriediately before the operation accomplishes this, 
its use is attended b3’ certain difficulties and dangers. Its introduction 
maj’’ be hindered by such conditions as displacement of the larjmx, 
spasm of the vocal cords, and narrowing and angulation of the trachea. 
Extension of the neck for the purpose of passing the catheter maj’' not 
be tolerated b.v the patient because of obstructiojz to bi’cathing. These 
difficulties maj’’ be overcome in part bj’’ local anesthesia of the lar3mx 
and a skillful anesthetist. 


In the presence of tracheal obstruction, general anesthesia cannot be 
relied upon for the introduction of the catheter. Inhalation anesthesia 
ma3’’ provoke spasm of the laiynx. Also, a sufficient amount of the 
anesthetic agent may not pass the partially obstructed trachea. Rectal 
or intravenous anesthesia would aA'oid the foregoing objections, but still 
are not suitable, as patients with an inadequate airway do not maintain 
a sufficient air exchange under general anesthesia, a conscious effort ap- 
parently being neeessaiy. Contraiy to the above, Lahey^ reports that 
sufficient depth of anesthesia and relaxation for the passage of the 
intratracheal catheter generally can he obtained bj" jjihalation of a 
mixture of ox3-gen, c3'clopropane, and helium. Helium, due to its low 
specific gravit3q acts as a diluent of the o.\\vgen and permits it to pass 
more readily by the ob.struction. Sise-* later repoifs this to be effective 
in only the mildest cases of obstruction. 

Regardless of the anesthesia employed, an unsuccessful attempt to 
‘nsert an intratracheal cathetei- may result in a complete obstriielion 
r^respiration, necessitating a tracheotomy under most adverse condi- 
p ^ If an intratracheal catheter is decided upon, it would appear 
tions. ^ preliminaiy e.xposure of the trachea under local anes- 

safer o m ^vifhout difficulty in (he prc.sencc of con- 

Ivins thyroid tissue. 

sideraole o •. catheter protects the trachea against collapse 

While an ni ‘ facilitates the removal of the gland, 

by g "^“presence may he attended by some trauma to the laiynx 

its paSS apC « surgical mvcsUg.atlvc society of the .Soutii. Oct. r,. 1911 . 
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and trachea. Postopei’ativc tracheitis and edema of the larjnix cavisiug 
obstruction may be the likely consequences. When tlie tracliea is very 
thin, it is difficult to see why perforation may not occur, though I have 
found no reported case. 

Few intrathoi’aeie goiters require the u.se of an intratracheal catheter 
for their removal. The decision as to its necessity generally cannot 
be made prior to operation. In the presence of tracheal obstruc- 
tion local anesthesia alone should be used at least until the trachea has 
been exposed. After expasure of the trachea, should an intratracheal 
catheter be considered necessary, it may be inserted through a tracheot- 
omy and the operation continued under local or general anesthesia, or 
the catheter may be passed transoi-ally in which case general anesthesia 
would be instituted. The technique of the removal of an intrathoracic 
goiter is materially affected by whether or not an intratracheal catheter 
is used. Without a catheter in place, local anesthesia is generally used. 
Extreme gentleness is of the utmost importance. Operative manipula- 
tion must guard against increased pressure upon the trachea and, if 
possible, steadily relieve the pre.s.surc already upon it. In ca.se the 
obstruction is at the superior sti'ait, the ainvay often impi’oves suf- 
ficiently during the coui’se of the operation to permit the institution of 
inhalation ane.sthesia. The use of the intratracheal catheter is usually 
attended by general anesthesia, particularly if the transoral route is 
used. The trachea is protected against obstruction and the patient is 
■unconscious of pain, thus peimitting a moi'e rapid perfomanee of the 
operation. 

It is my practice to use the intratracheal catheter not as a routine 
procedure of choice but only when indications for its need develop dur- 
ing the course of the operation. The catheter is then passed through a 
tracheotomy tube. The management of these cases in this manner ivill 
be considered. 

Absolutely essential is proper preoperative preparation. Upon ad- 
mission to the hospital these patients often maintain an adequate air 
exchange only ivith a conscious effort. Sleep brought on by exhaustion 
is soon interrupted by periods of respiratoiy obstruction likely caused 
by change in the position of the head. Coughing paroxysms are fre- 
quent and often appear alarming. They are generally caused by at- 
tempts to bring up aceimiulations of mucus that may collect below the 
obstruction. One patient was observed to bring up long casts of the 
trachea and bronchi, -which she would extract with her fingers. 

In most instances the pressure sj-mptoms are greatly relieved by bed 
rest and the use of opiates and other sedatives. The cough practically 
sub-sides, the excess mucus ceases to form and breathing becomes easier. 
Hj-pertfij-Toidism, if present, must be taken into proper account. The 
usual preoperative treatment requires from one to several weeks. 

The position of the patient on the operating table must be such as to 
permit an adequate air exchange, without midue effort. This is often 
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/“^NE of the chief difficulties in the remo't'ul of an intrathoracic goiter 
is the maintenance of an adequate airwajL While an intratracheal 
catheter inserted iinmediatelj’’ before the operation accomplishes this, 
its use is attended by certain difficulties and dangers. Its introduction 
may be hindered b.y such conditions as displacement of the larynx, 
spasm of the vocal cords, and narrowing and angulation of the trachea. 
Extension of the neck for the purpose of passing the catheter maj’' not 
be tolerated by the patient because of obstruction to breathing. These 
difficulties may be overcome in part by local anesthesia of the larynx 
and a skillful anesthetist. 

In the presence of tracheal obstruction, general anesthesia cannot be 
relied upon for the introduction of the catheter. Inhalation anesthesia 
may provolce spasm of the lajynx. Also, a sufficient amount of the 
anesthetic agent may not pass the partia]l.r obstructed trachea. Rectal 
or intravenous anestliesia would avoid the foregoing objections, but still 
are not suitable, as patients with an inadequate airway do not maintain 
a sufficient air exeliange under general anesthesia, a conscious effort ap- 


parently being necessary. Contrary to the above, Lahe}"^ reports that 
sufficient depth of anesthesia and relaxation for the passage of the 
intratracheal catheter generally can be obtained by inhalation of a 
mixture of oxygen, cyclopropane, and helium. Helium, due to its low 


specific gravity, acts as a diluent of the oxygen and permits it to pass 
more readily by the obstruction, Sise-* later reports this to be effective 
in only the mildest cases of obstruction. 

Ee^ardless of the anesthesia emplo.ved, an unsuccessful attempt to 
A an intratracheal catheter may result in a complete obstruction 
r^rWiration,' necessitating a tracheotomy under most adverse eondi- 
• an intratracheal catheter is decided upon, it would appear 
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thesia, a p thwoid tissue, 

siderable ovei -y”” : j catheter protects the trachea again.st collapse 

While an m i‘‘ ‘ , tinis focilitates the removal of the gland, 

by operative attended by some trauma to the lar.v/i.v 

its passage and pv mvcstiKatwc socro or tra- snuii,, ort r,. ion. 

before the SWS ™ 



PRIOliEAU ; 


OPERATION FOR INTRATIIORACIC GOITER 


745 


is made over the midsternum. The sternum is bisected to the second 
or third interspace at wliicli level it is divided to the indicated side and 
the incision continued in the intercostal space. This results in the 
fonnation of a stei-nodavicular costal flap which can^ be retracted 
anterolaterally, greatly enlarging the superior strait. Even with this 
exposure, delivery of the goiter may be difficult if it is situated pos- 
teriorly to the large blood vessels. In such an operation local anesthesia 
ceases to be adequate beyond the cervical portion, particularly for the 
retraction of the chest wall flap; however, by this time there is generally 
sufficient airway to permit an inhalation anesthesia. Otherwise anes- 
thesia can lie administered through an intratracheal catheter passed 
through a cendcal tracheotomy. This operation is followed by con- 
siderable pain in the shoulder and upper costovertebral region. Partial 
removal of the sternum by rongeur is held preferable by some. 

Should a tracheotomy be necessary the tube should be inserted low' 
through a horizontal incision between two rings. If no longer necessary 
at the end of the operation, the tube can be removed and the opening 
closed with preti'acheal fascia. 

By following this plan of management, unnecessary trauma to the 
trachea and the laiwmx by the inlying catheter is avoided by limiting 
its use to those cases in which it is necessary for the maintenance of an 
adequate airway. There is provided the safety factor of exposure of the 
trachea as a preliminary procedure in case intratracheal catheterization 
should become necessaiw. As the operation proceeds there is the tend- 
ency for a steady increase in the size of the airway except for the pei'iod 
during the delivery of the intrathoracic lobe. The constant care neces- 
sary to avoid pressure upon the trachea and the use of local anesthesia 
prolong the operation and make it more exacting upon the surgeon, 
but also add to its safety. The use of the intratracheal catheter during 
operation can be avoided to advantage in most eases of intrathoracic 
goiter and in nearly every case of tracheal obstruction due to external 
pressure in the neck, such as cervical goitei-, malignancy, and abscess. 

Case 1 (Hospital No. 29459). — J. tV. S., a wliite woman, aged 34 years, was 
admitted to the Roper Hospital, Oct. 14, 1938. She had first noticed the presence of 
a goiter four or five years previously. She Iiad been advised by a pliysician that treat- 
ment was unnecessary as the basal metabolic rate was not elevated. During the past 
nine months the goiter liad increased in size and she Iiad symptoms from pressure upon 
the trachea. She complained of palpitation, nervousness, and emotional instability 
and Iiad lost twenty pounds in weight. 

The positive physical findings were nervousnes.s, a staring expression, and tachy- 
cardia, all of a moderate degree. On both sides and in front of the trachea there 
was a large, firm, nodular mass of thyroid gland, extending well posteriorly and in- 
feriorly. The basal metabolic rate was minus 11 per cent and the blood cholesterol 
163 mg. per cent. X-raj" examination showed a well-defined area of increased density 
e-xtending several centimeters to the right of the trachea and situated well beloiv the 
superior strait (Fig. 1). 

The diagnosis was nodular goiter, cervical and intrathoracic with partial obstruc- 
tion of the trachea, and mild hyperthyroidibni. 
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an aM^rvvarcl position for the performance of the operation. Particular 
care must be taken not to excite the patient or cause undue pain, as 
struggling caused thereby’' will result in exliaustion and likely complete 
respiratory obstruction necessitating a tracheotomy under most un- 
favorable conditions. 

Novocain is infiltrated into the operative field, first subcutaneously 
and then as the operation proceeds. A long horizontal incision is made 
through the skin and platysma a few centimeters above the clavicles. 
Upper and lower flaps are reflected. The preth^Toid muscles are divided 
in the midline from the thyroid cartilage to the sternum and then divided 
ti’ansversely on one or both sides as indicated. 

Bleeding points must be ligated as encountered so as not to place the 
weight of the instruments upon the trachea and also to keep the opera- 
tive field clear in case a traeheotom5'^ becomes necessary. All manipula- 
tions must avoid pressure upon the trachea. 

The trachea should now be well exppsed. This may be done by pro- 
ceeding between lobes or nodules. Often it is necessary to divide the 
overlying thyroid tissue. Once the trachea has been exposed the 
operator feels that he has control of the situation as he can safely make 
an opening for the insertion of a tube in case of obstruction to breath- 
ing. Before this a tracheotomy can be performed only with difficulty 
and danger, due to almost uncontrollable bleeding in a patient struggling 
for air. Should general anesthesia be necessary, only now can it be 
instituted without undue risk, particularly is this the ease in the pres- 
ence of obstruction. 

The operation now proceeds along lines of least resistance freeing 
the upper pole, the lateral veins, and the tracheal attachments in order 
of easiest approach. It is important that all cervical attachments*' “ be 
severed before attempting to deliver the ma.ss from within the thorax. 
The one exception is tlie inferior tli.vroid artej-y wJiich generally can- 


not be exposed without manipulating the gland so as to obstruct the 
trachea. The lobe i.s then firmly grasped with forceps, freed from its 
thoracic attachments by finger dissection, and delivered. During the 
act of delivery there may be obstruction of the trachea which is per- 
missiijlc for only a few seconds at a time. The lowci- pole is now cared 
for in the usuai manner with due care to avoid injury to the recurrent 
mcreal nerve. The preliminary removal of the contralateral cervical 
iTe Ts sometimes of advantage in affording more room. Drainage is 
llv advisable due to the tendency of fluid to collect in the .space 
genera removed. 

tno Ur"e to be delivered intact may often he .snccc.ssfnlly rc- 
^ . • ‘sin"* its capsule and breaking down its contents with the 

moved by mci intrathoracic goiter occasionally is 

finger, tluis re UM o fl^ation that it cannot be removed through an 
of such size, posi VO > ‘ ^ niediastinotomy hccomc.s neec.s-- 

intact superior strai . described. A counter incision 

garjn The cervical approacu 
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Case 2 (Hospital Ko. 31948).— .T. T. H., a white woman, aged 55 years, was ad- 
mitted to the Boper Hospital, Fob. 11, 1940. Site bad known of the presence of a 
goiter since tlie age of 1(> years. There had been a gradual increa.<-e in it.« size. 
Lately slic had been conscious of pressure in her neck causing difficulty in bieatliing, 
wliich was very pronounced at time.®. Slie had attacks of strangling in her .sleep. 

Physical examination revealed a large nodular mass of thyroid tis.sue on each side 
of the trachea, the right being larger than the left. The basal metabolic rate was 
plus 12 per cent, the blood cholesterol 167 mg. per cent. X-ray e.xamination showed 
a moderate widening of the upper mediastinum uhich overshadowed most of the 
apex of the lung on each side (Pig. 2). 

The diagnosis was nodular cervical and intrathoracic goiter with partial obstruction 
of the trachea. 



Fig. 2 (Case 2, J.T.H.). — Intrathoracic g'oiter befoie operation. 

On Feb. 15, 1940, operation was performed under local infiltration, of novocain. 
A low collar incision was made through the skin. Flaps weie reflected. An incision 
was made between the prethyroid muscles to the thyroid gland. Dissection was carried 
between the right lobe and the isthmus so as to expose the tiachea. The isthmus was 
removed. The right lobe was the more accessible and thus resected first. This was 
done by freeing tlie tracheal attachments, the upper pole, and the lateral veins. The 
intrathoracic portion was then easily delivered and the lo%vcr pole severed. As the 
left lobe was much larger and of difficult approach, the prethj-roid muscles were 
divided transversely. The trachea and larynx were displaced far to the right. The 
left lobe was mobilized by seveiing the tracheal attachments, the upper pole, and the 
lateral veins, in the order named. The intrathoracic portion was freed by finger 
dissection and then delivered with some difficulty, causing momentary obstruction to 
the trachea. The lower pole was severed and the lobe resected, lear-ing a small strip 
of tissue posteriorly. Black silk was used for hemostasis. A rubber tissue drain 
was placed on each side of the trachea and the wound closed. The convalescence 
was uneventful. 

Tatlwtogtc Seport . — The specimen consisted of two nodular masses of thyroid 
gland with a combined weight of 125 Gm. On section the tissue was reddish brown 
and showed circumscribed areas of cystic degeneration, colloid accumulation, and 
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On Oct. 21, 10i>8, operation was performed. Anestlie.sia wa.s obtained by local in- 
Hlfration of novocain. A low collar incision was made tlirougli the skin and flaps were 
reflected. A niidline inci.sion wa.s made between tlie pretliyroid mu.scles to the thyroid 
gland. The isthmus was divided and the trachea was exposed. A subtotal re.section 
of the left lobe was made by freeing first the tracheal attachments, then the upper 
pole, the lateral v'ein.s, and finally the lower pole which e.xtended well beneath the 
clavicle. The cervical portion of the right lobe was resected in a similar manner, 
being severed from the intrathoracic portion to which it was only slightl 3 ' attached. 
The intrathoracic mass vvas grasped with forceps and freed bj' finger dissection; its 
size prevented its delivery. Its capsule was then incised and the contents broken 
down by digital manipulation, following which it was casilj' delivered and remored. 
A rubber tissue drain was placed on each side of the trachea and the wound was 
loosely closed. Thirty hours after operation fher’e developed breathing difficulty and 
a fullness of the operative region, A deep hemorrhage was suspected and, accord- 
ingly, the W’ound was opened. A large blood clot was found to the right of the 
trachea. There was some oozing of bright rod blood from the right lower pole, but 
no definite bleeding point was located. The wotrnd rvas packed loosely with gauze. 
It was closed with drainage in tn'enty-four hours. The convalescence otherndse was 
smooth. 



Fig- 1 (Case 1. J.W.S.). — Intratlioraclc goiter before operation. 
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which was far posterior, was exposed by bisecting tlie overljing tliyroid tissue. Tlie 
cervical portion of tlie right lobe was then mobilized by severing the tracheal attach- 
ments, the upper pole, and the lateral veins. The intrathoracic portion was then 
freed by hnger dissection. Its delivery was difficult, necessitating compression 
of the trachea. Resection was then performed leaving a small strip of thyroid tissue 
posteriorly. A light nitrous o.xide oxygen anesthesia nas admini.stercd during the 
delivery of the intrathoracic lobe. At times it appeared as if a tracheotomy with 
an intratracheal catheter might be neces.«ary. Limited exploration to the left of the 
trachea revealed a small nodular mass which it was deemed advisable not to resect 
on account of the difficulty of the operation thus far. Plain catgut was u.^ed for 
hemostasis. A cigarette drain and a small rubber catheter were placed to the rigid 
of the trachea and the wound closed. Except for mild sliock after the operation, 
the convalescence was smooth. 

Fathologic Feport . — The .specimen consi.sted of a large mass of lobulated red 
tissue. Miero.scopie examination revealed the acini of various sizes and distended 
with colloid. There was con.siderablc lobulating fibro.sis. In some areas there were 
Iv-mphoid collections and epithelial hyperplasia. 

On July 10, 1934, a routine x-ray examination shoned a moderate widening of the 
upper mediastinum rvith a nell-dciined area of density e.xtending to the right. In 
spite of its being on the right, it was interpreted as an intiathoracic nodule arising 
from the left lobe (Fig. 4). 



Fig. 4 (Case 3. WH.L.). — July 16, 1934, tumor mass to right o£ trachea twenty 
'ia>s atter removal of intrathoracic lobe on same side; this mass apparently arose 
irom the left side. 



On Sept. 20, 1934, the patient was enjojing good health and had no cough. In 
December, 1934, she had an upper respiratory infection with a severe cough. Re- 
moval of the remaining intrathoracic mass was advised. In April, 193C, the patient 
had an illness characterized by a severe cough and fever. 

On Feb. 21, 1941, she again came under observation. She was having severe 
couglung spells, nervou'-ness, and palpitation, of the heart. X-ray examination 
.“bowed that the mass noted in July, 1934, had doubled in size. She still did not 
consent to having it removed (Fig, 5). 
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partial calcitieation. Sliero'icopic c\aniinjitioa allowed nodular areas of thyroid tis'iue 
uitli large cystic acini lined hy flattened epithelium and containing n ell staining 
colloid. In areas the stionn nas hyaline. There \sere some areas of closely packed 
acini ivith cuboidal lining cells. There was some evidence of old hemorrhage and 
calcification. 

On June 11, 1940, the patient was enjoying good health. There 'nas no palpable 
thyroid tissue in the neck'. She appeared to be iii a state of normal thyroid balance. 

Case 3 (Hospital No. 2S333).~1V. S. L., a nhife ^^oman, aged 51 ;>earS; was 
admitted to the Kopei Ho5-pjtal on June 7, 1&34, She had a Jong history of 
bronclutisj hay fe\eij and asthma. Palpitation of the heart had existed for some 
years. Lately she had been veiy iier\ou^ and had spelling of the ankles. Por 
the pre^dous tno months, she Juid had coughing spells of such se\enty that she found 
it diflScult to catch hei breath. Often she coughed up long plugs of mucus nhich 
she Iiad to e.\tiacf from hei thioat with her fingeis, foUoning whkU she felt relieved. 
Her tempeiatuie uas elevated at times. Theie had been a recent Joss of ueight. 
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tlivroid approacli was made. The trachea was well exposed and the prethyroid 
mnscle.s on the right dirided transver.«ely. There nas a small strip of thyroid ti.ssue 
to the right of the trachea; it had no connection with the intrathoracie mass. AVith 
this exposure the intrathoracie nja*=s could not he located, nor could the finger be 
passed into the thorax. Tlie sternum was bisected for G cm. and a flap formed 
including a portion of the sternum, the clavicle, and the fir.st two ribs. Upon re- 
traction of tliis flap the intrathoracie mass was readily recognized. It was fixed 
with forceps and freed anterolaterally by finger dis.scction. The inferior border 
could not be reached, the pQ=terosuperior portion was firmly adherent. Being too 
large to deliver, the capsule was incised and the content® broken down by linger 
dissection. Belivery was accomplished, but with difficulty, due to the anteriorly 
placed subclavian artery. The po.stcrosuperior portion was freed with some difficulty 
from the apex of the thoracic cavity. A nerve firmly adherent to the ma=s was 
recognized and unavoidably .severed. It was thought to be the phrenic nerve but 
later proved to be recurrent laryngeal. Fine chromic catgut was used for Iiemostasis 
and closure of the muscle layer.®, alloy steel wire for the sternum, and clips for the 



Fig, C (Case 4, K.L..A.). — Large, wholly Intrathoracie goiter on right, Alarch 4, 1940. 

skin. A large rubber tissue drain was inserted into the space formerly occupied by 
the goiter and brouglit out through the neck incision. The operation required two 
hours. Following the operation tlie patient was in a moderate degree of shock. 
Otherwise the convalescence was satisfactory. She left the hospital on the twelfth 
day after the operation. There was a paralysis of the right vocal cord which has 
persisted to date (Fig. 7). 

Paihoiogxc Peport . — The specimen consisted of an oval slender nodular mass 
11 by 7 by 4 cm. On section the tissue was irregularly fibrotie and partially calcified. 
There was a stringlike slender piece of fibrous tissue 9 cm. in length, llicroscopic 
examination showed irregularly distended follicles filled with colloid showing areas 
of cystic degeneration and fibrosis. A slender strip of fibrous connective tissue and 
fat contained minute imbedded nerve filaments. 

On Oct. 10, 1940, she had the appearance , of a normal thyroid balance. The in- 
cision was firmly healed. She complained of pain in the riglit shoulder and upper 
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COMMENT 

In Cases 1 and 2, preliminary removal of the contralateral lobe 
facilitated the removal of the intrathoracic lobe. In Cases 1 and 3, in- 
cision of the capsule resulted in .such reduction in size as to make de- 
livery possible. In all three cases, while deliveiy of the intrathoracic 
lobe was attended by momentary obstruction of the trachea, in no case 
was an intratracheal catheter necessary. 



Figr. 5 (Case 3, W.H.L.). — Feb. 21, 1941, tumor mass lias inci-easecT eroatly in size. 


Case 4 (Hospital No. 32310). — K. L. A., a uliito woman, 47 years of ago, was 
admitted to the Roper Hospital, April Hi, 1940. In .Tune, 1929, she had had (by 
H. P.), at another hospital, a con.sorvatiAC subtotal thyroidectomy for a large 
nodular eolloid goitei involving both lateral lobo.s and the isthmu.s, and c.vtendiiig 
beneath the clavicles on both sides. The pathologic leport is not available. The 
result of the operation was relief for a number of yeais from the prc.ssure .symptoms 
of which the patient complained. A mild liypei Ihyroidism nas also relieved. 


In July, 1930, she complained of a sore throat and a feeling of fullne.ss in her 
chest In October, 1934, she .stated that .she «as in good health. Evamination re 
vealed the larynx slightly displaced to the left. 

T1 natient again came under observation in Ajiril, 1910. .Since an attack of 
^ two months previously, .she had noticed increased brcalhiiiK ilifTiculty uith 
influenza ^ coughing. .She complained also of dysphagia, eiiignstric 

frequen p* in tbe right chest. She had become nervous and had lost 

distress, anc jirought with her an x-ray film showing the jiresence of a large, 

seven pounds. , oniocenous mass occiip.ving the right upper thorax. Tlie trachea 
well-defined dem Examination of the neck revealed no palpable fhyroal 

was displaced to functional normally. A diagnosis of intrathoracic goiter 

tissue. u,ionvvasadvi.«ed (Pig. «). 

was made anu i ^tion was performed. General anesthesia was instituicfl 

On .^pril trachea was cn«ilv- accessible as a result of Ihr- 

at the start, inasmuc tm ^ tracheal obstria tion demonstrable at the time 

previous .iur mediastinotomy was going to U- necessary. The usual 

of operation, and a super 
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On July 17, 1941, the blood calcium was S.6 rag., plio.sphorus 2.9S mg. Diliydro- 
fachysterol, 1 c.c., twice a week, and calcium and cod-liver oil were pre.scribed. 

On Aug. 25, 1941, the blood calcium was 7.8 mg., phosphorus 4.03 mg. She had 
improved to some extent. The diln-drotachysterol was increa.«ed to 1 c.c. three 
times a week. 

On Sept. 26, 1941, the blood calcium was 8.7 mg., phosphorus 3.52 mg. The 
sjTuptoms of tetany had practically sub.'iided. The dihydrotachy.sterol was increased 
to 1 c.c., six times a week. 

On Nov. 7, 1941, the symptoms of tetany had sub.sided. Blood calcium was 10.0 
mg., phosphorus 4.62 mg. Dihy<lrotachy.«terol, 10 mm. daily, was prescribed, also 
calcium gluconate, 3 Gm. daily. 


C0.\R1EN'T 

This patient had an unusually large completely intrathoraeie goiter. 
It was larger than reported hy the pathologist as it was reduced in size 
so as to permit its delivery. Whether it ai-ose from a nodule overlooked 
at the previous thyroidectomy or from an aberrant rest cannot be de- 
termined. A similar case of Allen’s was reported by Means.* A medi- 
astinotomy was necessary for the removal of the tumor. An obstacle to 
delivery was the anteromedially situated subclavieular artery. An ade- 
quate airway was maintained ivithout an intratracheal catheter. 

SUMMARY 

1. In the removal of an intrathoraeie goiter the use of the intra- 
tracheal catheter has its disadvantages as well as its advantages; it is 
generally unnecessary. 

2. The operative technique whereby the use of the intratracheal 
catheter may be avoided is described. 

3. Four cases are reported. 
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right dorsal spine and numbness and tingling of tiie riglit hand. Clivostck’s sign 
■nas positive. Calcium and cod-liver oil nere prescribed. 

On June 15, 1941, she was nerious. Tlie aboie symptoms uere more pronounced. 
X-iay examination of cliest, shoulder, and spine nas negative (Fig. S). Diagnosis 
uas parathjroid tetany. 



Fig 7 (Case 4, KLA ) — Ten (la^s aftei the ienio\al of intiatlioiac e goitei 
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On July 17, 1911, tlie blood calcium was 8.G mg., pliospliorus 2.9S mg. Diliydro- 
tacliysterol, 1 c.e., twice a week, and calcium and cod-liver oil wore pre.'jcribed. 

On Aug. 25, 1911, tlie blood calcium was 7.S mg., pliospliorus 1.03 mg. Slic had 
improved to some extent. The dihydrotacliy.'-terol was increased to 1 c.c. three 
times a week. 

On Sept. 2G, 1911, the blood calcium was 8.7 mg., phosphorus 3.52 mg. The 
sjTiiptoms of tetany had practically subsided. The dihydrotachy.stcrol was increased 
to 1 C.C., six times a week. 

On Xov. 7, 1911, the symptoms of tetany had sub.sided. Blood calcium was 10.fi 
mg., phosphorus 1.G2 mg. Dihy<lrotaeli 3 -sterol, 10 mm. daih', was presciibcd, also 
calcium gluconate, .3 Gm. daih-. 


COXfMEXT 

This patient had an unusually large completely intrathoracic goiter. 
It was larger than reported by the pathologist as it was reduced in size 
so as to permit its delivery. Whether it arose from a nodule overlooked 
at the previous thyroidectomy or from an aberrant rest cannot be de- 
termined. A similar case of Allen’s was reported by IMeans.- A medi- 
astinotom}' was necessary for the i-emoval of the tumor. An obstacle to 
delivery was the anteromedially situated subclaiicular artery. An ade- 
quate airwa}^ was maintained without an intratracheal catheter. 

SUMMARY 

1. In the removal of an intrathoracic goiter the use of the intra- 
tracheal catheter has its disadvantages as well as its advantages; it is 
generally unnecessary. 

2. The operative technique whereby the use of the intratracheal 
catheter may be avoided is described. 

3. Pour eases are reported. 
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A NEW THEORY COAtCEENING THE ETIOLOGY OP 
RIEDEL’S STRUMA 

J osEPH L. De Courcy, SI.D., Cincinnati, Ohio 
(From Ihe Feparimeiii of Surgeri/, De Courcg Clinic) 

/l LTHOUGH ligneous or woodj' tlijToiditis ivas described as a specific 
entity by Riedel in 1S96, the etiology of this S3'ndrome is still ob- 
scure. I\Iy object in presenting this paper is an attempt to explain a 
new etiology of Riedel ’s struma. I feel that this disease is the result of 
a jirevious perithj'roiditis which causes a partial constriction of the ves- 
sels entering the gland. 

As a disease of the thju’oid, Riedel’s struma is a relative!}^ rare oc- 
currence. Both se.xes are about equally affected, generallj’’ during the 
fourth decade of life. However, the condition maj^ appear in j’ounger 
or in much older individuals. This condition has occurred in the De 
Coui'cj’ Clinic in about 2 per cent of all thyroidectomies and its inci- 
dence appears to be about the same as tliat of cancer of the tlyroid. 

In woodj' th3’roiditis, the th3’-roid is enlarged, smootli, and witli a 
characteristic stony hardness or, as Riedel has described it, “iron 
hardness.” As a rule, tlie disease involves first one lobe and then the 
other. Pathologic changes which occur result in gradual conversion of 
the gland into fibrous tissue through which scattered atrophic acini may 
be found. In man3' cases, fixation of the gland to the .surrounding tis- 
sues takes place and the adherent tissue makes surgeiy difficult. 


syjiptojiatology and diagnosis 

Toxic s3'mptoms are generall3’ eufii-eU' absent in the earhv stages. The 
basal metabolic rate ma3' be normal. However, as a result of tlie connec- 
tive fibrous infiltration and the gradual enlargement of the gland, wJiicli 
causes compression upon the trachea, esophagus, and larynx as well as 
on the neighboring nerves and blood vessels, more definite .symptoms 
be<du to be manifest. Dy.spnea and di'.sphagia are the first signs. The 
of pressure is usually followed or accompanied by hoarseness, 
t'lor or even aphonia, due to involvement of the laiyiigeal nerves. 

’ a review of the literature, one would judge that the onset of 
u-^iTs struma is not acute. Lee" de.seribes its onset as “insidioii.s,” 
Riedel s jlissaP state that the average duration of .symptoms is 

while Fox am ^ liowcvcr. i.s not always true. During the past 

about seven moi patients with Kiedel’s struma who en- 

year I have oimi* .|j j remained for surgery. J will describe 

— , for publication. Teb . -D I-"- 
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Tliougli admittedly difficult, the diagnosis of woodj' thj'roiditis usually 
can be made prior to operation by tlie characteristic consistency of the 
gland and by a normal or mildly elevated basal metabolic rate. This at 
once differentiates it from diffuse toxic goiter. Carcinoma of the thy- 
roid should be considered but usuall.v occurs in the presence of an al- 
ready existing goiter. Although the hardness of tlie gland suggests 
carcinoma, the absence of nodules and the indefinite borders of the 
glandular enlargement help further to differentiate Kiedel’s disease 
from cancer. 

The disease must also be differentiated from acute suppurative tly^- 
roiditis. However, in Kiedel’s disease a rapid subsidence of the tem- 
perature and a tendency to fibrous formation rather tlian suppuration 
become evident. 

Hashimoto’s disease, formerly etiologically associated with Eiedel’s 
struma by some authors but now quite generally recognized as a sepa- 
rate syndrome (Hertzler'*), may likewi.se readily be differentiated from 
woody thyroiditis. Chronic lymphoid thyroiditis (Hashimoto) is char- 
acterized bj"- diffuse and extensive lymphatic infiltration, while iu 
Riedel’s disease the regional lymph nodes remain uninvolved. Though 
other symptoms are somewhat similar, in Hashimoto’s disease the en- 
largement is bilateral, usually occurs in women over fort}', and is less 
fixed and much less adherent than in fibrous thyroiditis. 

THEORIES OP ETIOLOGY 

The etiologj' of Riedel’s struma or ligneous thyroiditis is still un- 
known. However, many theories as to its cause have been advanced. 
Some have been discarded while others still have their adherents. 
Specific organisms have not been noted consistently iu fibrous thjwoidi- 
tis. It is generally conceded that syphilis and tuberculosis are probably 
not the cause of this condition. Actinomyces, streptococci, and other 
organisms have been practically ruled out as etiologic factors. 

Among contemporary autliors, there are those who adhere to the view 
that Riedel’s struma is a result of a local inflammatory process in the 
thyroid. This view was held by Graham,’' in 1931. He pointed out that 
in these eases the general body economy is affected only secondarily by 
reason of the destruction of the thyroid, interference with deglutition, 
and injuries to important blood vessels and nerves. Such a process, he 
noted, has its eomiterpart iu other organs and tissues, which may be 
expected to respond in a similar manner except for the fact that the 
thyroid is so situated that complications can occur readily. 

Sluch the same view was expressed more recently by Harry.® When 
discussing the pathogenesis of Riedel’s disease, it was his opinion that 
the evidence suggests the process to be chronic inflammatory in nature. 
In keeping with this view, he cited such factors as the early stimulation 
of the gland ftmction, followed by destruction of the parenchyma, ex- 



A XKW TIIHOHY {AJXOKKXJXO TJIK KTJOLOnY OF 
KIKDIvlFS ,STH^^^^A 


.hKni'n Jj. Df; Cocfrcv, JI.D., (Uscis’S’ati, Ohio 

(I'loin till III I’ltrtmriit of Siiriii r;/, Hr Cnurr'l Clinir} 

A Ijl’]fO{,(;il li”:ii(‘(iiis or wondy tliyroidiUs was doscribod ns a specific 
entity by K’iedcl in 3S't(i. the etiolo«ry of this syndrome is still ob- 
scure. .My object in presontin;' this paper is an attempt to e.Kplain a 
new ctiolofry of iJicdels sti'iiina. 1 feel fjiat tliis- disease i.s the result of 
a )>rcvions perithyroiditis which eanse.s a jiartial constriction of the ves- 
■sels enterin'' tlie 'rland. 

As a disease of the thyroid. Kiedel’s strimia is a relatively rare oc- 
eiirrenee. Moth se.ves are about ei/iially afi'eeted, ^eneraUy during- the 
fourth decade of life. However, the condition ina.v appear in 3 -ounger 
or in niJieh older individual.s. 'I'hi.s condition has occurred in the De 
C’onivv Clinic in about 2 per cent of all thyroidectomies and its inci- 
deuce niipears to be about the .same as that of cancer of the tb.vroid. 

In wood.v tli.vroiditis. the th.vroid is enlarged, smooth, and with a 
eharacteristic sfonj' liardne.ss or. as Riedel has described it, “iron 
hardne.ss.” As a rule, the disease involves first one lobe and then the 
other. Pathologic changes which occur result in g-radual conversion of 
the gland into fibrous tissue through whieh scattered atrophic acini niaj* 
be found. In inan.v cases, fixation of the gland to the surrounding tis- 
sues takes place and the adherent tissue makes surgeiy difficult. 


.SY.Ml’TO.MATOI.OGY ,\ND DIAGNOSIS 


Toxic svniptonis are generaih- entirel.v absent in the earl}- stages. The 
basal metabolic rate ma.v be normal. Ilowever, as a result of the connec- 
tive fibrovYS infdtration and the gradual enlargement of the gland, which 
causes compression upon the trachea, esophagus, and larjmx as well as 
the neighboring nerves and blood vessels, more definite sj'mptonis 
rVn to be°manife°st. Dyspnea and dysphagia are the first signs. The 
of pressure is usuallj' followed or accompanied by hoarseness, 
feeling aphonia, due to involvement of the laiyngeal nerves, 

stricloi, 01 literature, one would judge that the onset of 

From a 1 acute. Dee" describes its onset as “insidious,” 

Riedel’s gtate that the average duration of symptoms is 
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being compressed by the exudate. Conversel}’, lai'ge vessels may be held 
patulous by the induration. 

In his review of the subject, Harry® has noted tlie valuation in the 
condition of the blood vessels in different specimens of Riedel’s struma. 
He observed that pronounced thickening of the arterioles and small 
arteries is the rule but that in some cases these vessels appear to be 
normal. He also noted that the number of capillaries is reduced. 

Before going further into a discussion of my vien s on the etiology of 
woody thyroiditis, I am going to present briefly t\so recent cases to- 
gether with the microscopic findings. These case histories, I feel, will 
help to clarify m}' theory. 



Fik 1 — A small arWo <iho.\inR hM5'’rtropli> of media iMth reduction of lumen 
and surrounding collar of dense hjalinized connectne tissue, Hortega siKer impreg- 
nation stain 


CASE REPORTS 

Case 1 — V. P, a 42 j car old white, married female, entered the CImic on Not. 
8, 1941, bccau'-e of loss of weight and nertousties= She presented a Instorj of sore 
throat, which had occurred one month previouclj but no history of goiter. Hci 
temperature was 102“ F ; blood count, 17,800 white cells per cc., differential, poh 
morphonuclears 73 per cent, small h nipliocj-tes, 25 per cent; eosinopliiles, 1 per 
cent; ba«ophiles 1 per cent. Lung fields and heart were normal. Wassermann and 
Kahn tests were negatne 

Her tluroid was sjmmetncalK enlarged, each lobe being about three times normal 
size. Her neck oterljing the gland was exquisitelj tender, with no etidence of 
external inflammation 

She was referred back to her family phxsician who kept an icebag on her neck 
and ordered her to remain m bod, Sulfathiazole, 10 gr., was giieu eicrj' four hours 
for four dajs. However, because of the persistence of her symptoms, she was ad 
nutted to the Good Samaritan Hospital on Noi. 14, 1941. 



Ki;nfji:ny 


Tnr. 


filll■<l^is, the jiivsciicc of <•<•1!'% ii'.miliy i'oiiiifl in clironic inflaniina- 
tnj'.v .sIjMcs. /lilt] till- pn'M'/icc nl' similtir losinns in the urljncont cervical 
tissues. 

.siitiiewliat tn(i(!iti<'(l c<ini’C[>t lias hcen jii-cscdted liy *McKiii"ht.' Ee- 
mariun^ (liat we are prtaie to forget tlie fact that iiiflainniatory reactions 
can he hroii^iit alidiit hy eaiises otlier than haeterial inva-sion, he au"- 
Ije.sted that the [latholaf'ie picture of Kiedel’s thyroiditis is due to .some 
as yet <ihsenre hioeheniieal irritant dift’erin^^ from that produced in or 
eausiie^ esoplitiialinie "oiter. 

Mor<‘ I'ceently, in descriliin'r a ea.se of Hiedcr.s .struma in a tEl-ycar-old 
woman. Kelie ami his assficiates” expresseri tlie belief that the disea.se was 
caused l>y almormal re.s|ionse <if the thyi’oid to jjhy.siolo^dc demands. 

t'onver.sely. some workers completely donht the inflammatory nature 
of the disea.se. However, there is no eonvineiti!; evidence to support the 
view that woody thyroiditis result.s from adrenal dysfiinetion or from 
the <le>reneraf ion of a previou.sly enlartred thyroid (Harry"). Nor is 
there any satisfaetory explanation to be found in embi-yolo'ric eomsidera- 
tions {Zi'Hii and eo-worker.s'). 


itouu or ruiii'ruYuoiWTis 


From tlie forofroiii”', it would itppcnr fliat tbe consensus of opinion up 
(0 the ])re.sout is that Hiedel’s struma involve.s the capsule from within 
and in extreme cases extends far beyond the capsule into tlie adjacent 
muscles of the neck. It is my opinion, however, that the true cause is 
a perithyroiditis and I believe that the fibrous growth begins outside of 
the gland proper rather than inside the thyroid itself, 

That this perithyroiditis alwa.vs accompanies Riedel’s struma in 
vomiger persons is demonstrated by the close adherence of the overlying 
'muscles to the gland. It is the purpose of this paper to discuss whether 
this perithyroiditi.s is primarily responsible for the wood.v consistency 
of the "land or whether it results secoudai'Uy from the disease itself. 

It has always seemed to me that Riedel’s struma is a ya.scular rather 
than a glandular disease, one that begins with a perithyroiditis resulting 
in secondary changes in the gland itself. In tl)is connection, I should 
rke to mention the work of Goklblatt and his associates.'"’ " In their 
'i nsive experimental studies on hypertension, they clearly demon- 
\ 1 the profound effect of partial occlusion of the renal blood ves- 
stra ec organs and tissues. The fibrous whorls wliich w’e find 

sols on SI pio in Riedel’s thyroiditis are very similar to those 

about the blood ^ esseis 

.i I hv tEese investigators. 

clcscriucc . perithyroiditis with the adherent muscles causes 

It is possib e o vessels and their superficial tributaries, 

jv coiistriction o i i-j^e "fibrous changes which w’e find in Riedel’s dis- 
thus bringhi? ahou patliology of this disease, states that 

ease. Eertzler,'* ^ mass is bloodless, the smaller vessels 

the cut surface of the ud . 
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tion. In five days she returned to normal but tlic thyroid remained enlarged and 
hard, although the tenderness liad disappeared. 

Bilateral subtotal thyroidectomy was performed on Nov. 21, 1941. 

Bsaniined grossly, the appearance of the excised gland was definitely one of 
Riedel's struma. Tlie organ was white and muscle fibers in large numbers had 
denselv adhered high over the side of the lobes, which had to be removed by sharp 
dissection. There was very' little bleeding from the cut surfaces. The outer portion 
of the lobe was most involved and thyroid tissue could be seen beginning about 1 
cm. from the capsule. However, the colloid appeared to have a rvliitish color rather 
than the red color usually seen. 

Dr. AYilliani German, pathologist to the Good Samaritan Hospital, reported the 
following microscopic findings: There was compensatory hyperplasia, intense fibrosis, 
marked strangulation of functioning thyroid olement.s, marked arteriosclerosis, for- 
mation of pseudogranulomata and pseudogiant cells. Tlie diagnosis was Riedel ’s 
struma. 

The postoperative period was uneventful. Her temperature reached normal on 
the fourth postoperative day and remained afebrile at the time of her dismissal. 

She has since regained her normal weight and is taking desiccated thyroid, 1 gr. 
daily, one month after her operation. 

Case 2. — E. K., a o9-year-old, .single, white female, entered the Clinic on Sept. 
10, 1941. Four weeks prior to admission .she had become aware of increasing nerv- 
ousness, loss of weight, tachycardia, and, at times, a choking sensation in her throat. 
At the time of admission her temperature was 09 ° F. ; pulse, 8S; respiration, 22; 
blood pressure, 168/90; basal metabolic rate, plus 20. Her thyroid was diffusely 
enlarged, about two and one-Iialf times normal .size, and was quite tender to touch. 
There was no evidence of external inflammation. 

Ho history of previous goiter could be ascertained, altliouglu the patient thought 
that her neck had appeared to be somewhat swollen over the past four years. How- 
ever, it had not been as hard as at present. Her blood picture was as follows: 
hemoglobin, 86 per cent; red blood cells, 4,280,000; white blood cells, 12,800; dif- 
ferential count; polyraorplionuclears, 76 per cent, small lymphocytes, 23 per cent, 
hasopUiles, 1 per cent. The remainder of the physical e.xamination was essentially 
negative except for a fine tremor of the hand. 

A diagnosis of woody thyroiditis was made and Lugol 's solution, 10 drops three 
times daily, was given. 

A subtotal thyroidectomy was performed on Sept. 8, 1941. 

The gross pathologic findings in this instance were essentially similar to those 
found in the previous case ; namely, the whitish appearance, the adherent muscles, etc. 

The microscopic examination was reported by Dr. 171111301 German as follows: 
There is replacement of thyroid by diffuse struma fibrosa in which there is extensive 
■strangulation of gland-liearing tissue, advanced fibrosis, islands of lymphoid tissue, 
and formation of pseudogranulomata and pseudogiant cells. There is also marked 
arteriolar sclerosis. The diagno.sis: Riedel’s struma. 

Forty-eight hours after operation, the patient’s temperature became normal and 
remained so at the time of dismissal on the fifth postoperative day. 

DISCUSSION 

These eases are intere-sting because of their acute onset, evidently as- 
sociated with a perithyroiditis, the tenderness of the overlying struc- 
tures, and the elevated temperature whicli subsided quickly^ with no 
tendency to suppuration. Of course, one might say that these febrile 
periods were only exacerbations of an already existing condition. How- 
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thyroiditis. Possibly several years would have elapsed before surgery 
was undertakeu and a definite diagnosis made. 

It is pertinent that Hertzler/ in discussing Riedel’s struma, stated 
that “whatever the disease ma3' be, it is neither a true inflammation nor 
a true tumor.” Considering the clinical and pathologic findings, it 
might be said that these cases were instances of acute nonsuppurating 
thjToiditis which became cbi-onie. If this is true, and I have operated 
in a suf&cient number of eases of Riedel’s struma to know the condition 
when I see it, then it is possible for acute nonsuppurative thyroiditis 
to metamorphose quickh* into clu-onic nonsuppurative tlnmoiditis or 
Riedel’s disease. 

Considered grosslj’, these cases cannot be mistaken even if seen earlj^ 
but it is possible that perithj'roiditis has been mistaken for acute non- 
suppiu'ative thyroiditis. 

We were rather fortunate in obtaining sections from the first case, 
which we consider to be a verj' earlj’’ stage of the disease. In this in- 
stance, the surrounding glandular tissue was involved, while recogniza- 
ble thyroid tissue still remained in the interior of the gland. Thus, it 
appears that the spread of the fibrous tissue and other pathologic 
changes occurs from without inward rather than from wdthin outwmrd. 

These findings definitely tend to confirm mj" view that a perithjwoidi- 
tis is primarily responsible for the wmody eonsistencj^ of the gland and 
that this fibrous formation does not result from the diseased gland it- 
self. In connection with this last point, I should like to state that I 
have never seen a true case of Riedel’s struma associated with a pre- 
existing goiter, although such cases have been reported. 

Perithyroiditis appears to have been a neglected topic in the medical 
literature. Not even in standard textbooks have I been able to find an}"^ 
mention of perithj'roiditis and yet it is not uncommon to find evidence 
of it w'hen operating for goiter. Most surgeons know that it frequentlj' 
becomes neeessarj' to use sharp dissection in freeing nodular goiters 
from their beds, I cannot account for this except bj' assuming that a 
perithj'roiditis previously existed. In fact, I feel that I am now en- 
countering more of these cases than in j'ears past. 

It is possible that the sudden attempted involution which takes place 
following the administration of iodine in nodular goiter might account 
for this apparent fixation, but this will have to be proved. Indeed, 
Boyden, Coller, and Bugher’- have suggested that iodine administration 
may be the causative agent in Riedel’s struma. However, Zelle and his 
associates," who cite this theorj-, remark: “It also seems to us that 
Riedel’s struma was observed before Lugol’s solution Avas used for 
goiter therapy.” These workers also note that this hj'pothesis does not 
seem to be convincing in the ease Avhieh thej' reported, since the patient 
had not received this drug for any length of time or in anj' great 
quantitj'. 



Ixilli wditK'ii «(‘H‘ siifiicic'iitly iiit«*llisr<‘tit to ('wisiill a plijsieian iai- 
incdiah'h and they Moidd iTrtiiiiily itava ufilicod a haidiirss jji die neck 
itad it existed pun ioiisly. 

It is jiiy opirdiiii that if tiiese jiatieiifs had not heen opcnited upon, 
the ease^ uoidd [irohahly have heen ehissdied as aeiite nonsiippiiratin"- 
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.r =Mprosed arterioles and obliteration of thjroid acini 



PRACTUEBS OP THE NECK OF THE PEJIUR 

Yerxox L. Hart, JIixxeapous, jMixx, 

(From the University of Minnesota Mcilicat SchootJ 

TT IS very unusual to observe the two distinct types of fracture of tlie 
i neck of the femur involving both hip joints of the same individual. I 
have treated two patients with this interesting situation and wish to 
report the two cases because the radiograms (Figs. 2 and 3) provide ex- 
cellent material for instruction. 

The two types of fracture of the femoral neck are the abduction or 
impacted fracture, and the adduction or nonimpacted fracture (Fig. 1). 
The history, clinical examination, radiographic findings, treatment, prog- 
nosis, and complications are so different in each of the two tj'pes that 
their proper recognition is essential. 

Since the abduction or impacted fracture of the femoral neck re- 
quires no special treatment and always unites, it may be that the studj" 



I 



Fig. 1 — X, Abduction or impacted fracture; F, adduction or nonimpacted fracture; 
B. W, body eight, M. C, muscle contraction. The degree of phearing or pressure 
forces can be expressed b> a stud> of the angle formed between the fracture line and 
the horizontal line bet'vepn tHo spines (Pauwels) or the angle 

formed by a line pas a line continuing the axis of the 

shaft of the femur by Ej re-Brook and Pndie.l The 

degree of displacement, pressure, and shearing between the fragments should also be 
studied m the lateral radiograms. 

of this type of fracture. Fig. 2 (j) and Fig. 3 (a:), will provide informa- 
tion for understanding some of the problems which are encountered in 
the addvwtion or nonimpacted fracture. Fig. 2 (y) and Pig. 3 (y). 
Study of the impacted fractiu-e lielps to understand some of the under- 

• Major. Mc-aic-U Corps, U- S. Arm}-. Camp Cooke. Calif. 

Rectlvcd for publication. April 14. 1342. 
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ihis IiKt obsorvatidn Itla-wisa liolds (nic in the two eases w)iie]i I have 
reporfeci here. In neifiier instanee was treatment with Lti'rol ’s solution 
either in'olfintred oi‘ in hii'p'e dosafre. 

We do know, liovu'ver, tliaf the speetaenlar involution vvliieli follows 
the use of iodine in diffuse hyperivlaslie "niters is not foitheoining in 
the noilniar toxic variety. 'I’liis might possibly he due to the inability 
ol tlie iodine to reach the giandnlar tissue heeanse of the dense capsular 
tldelvcning in these eases, and if is jnwsihle that a ehcmieal perithyroidi- 
tis (iyiii|)haii"i(is) is enVeled in the surroiinding tissues. 

M’.MM MtV 

Lot me siimmariyi' my views on the etiology of Jlietlei's struma. It is 
my opinion that this eondition is a vasenlar rather than a gJandiiiar dis- 
ease, the eliangfs progressing fiom the outside of tlic gland rather than 
from witliin the organ itself. It begins with a jjcrithyroiditis which 
induces constriction of the thyroid vessels and assoeiateci blood cliannels. 
The tissues of the thyroid respond to this isehcinia by the formation of 
the ligneous tissue eharaeteristie of Iticdcl’s ihyj'oiditis. 




1 . 

n 

;t. 

1. 

5. 

0. 

7. 

8 . 
8. 

10 . 

11 . 

12 . 


UkhIoI, n.: Tlie Clironic lion IfiiKi Tmiior roniiatioii Rc'-ulting Troiii Tlijroid 
Glniul Iiifhoioiintio!!, Verhiinai. <1. (]piil>-c)i. Oc'ot)^fh. f. Cltir. 25: 103, 1890. 

Lee, I. G.: Clooinc Xon'-ptnlic T)ijroii1iti>-, Aroli. Surg. 31: 08:1, 1!V>5, 

Tos, K., awl Mis'-al. S.: UkhIpI's Sluima, .\reli. Oiolanng. 33: RS4, 1041. 

llert/lcr, A. IL: I>isca«e'! of tlic Tlnronl Glniul. York, l!t41, P.nul B. 

llecljcr, lue., vp. 3o7, 003, .104. 

GriUatn A.: KioOel’s Struma m Oontiasi to Stninia Lvmplioniato'ia (IIii'li 
nnoto), Wc-=t. J. Surg. 39: OSl, 1031. 

Ilnrrv, J7. M.: Riodel's Dmoasc ami LunpIiaOcuoid Goiter, M. J. Austialia 2: 
‘oOo’. t940. 

MoKnmlit, R, B : Rieilct’s Tnjrouhtis; Sngge<;tion as to Etiologj .iiul Surgical 
Management, Soutli. Siiigeon 5: 375. lO.Ui. 

7nnp Cl L Vass, A., and Steel, A E- So caRed Pluoaic Tlnroiditis 'With 
Gmnt Cells, Am. J. Surg. 44: 45,1, 1939 

GoldhlaU M, LjncU, J., Hanzel, R P, and Siimmenille, lY. W • Studies on 
E\l)Cioncntal Hyperfcnsiou; Pioduetiou of PciMstent Elevation of Svs‘- 
plood Prcssarc in Jlcans of Renal l-clienua, J. Exper Med 59 : 347 , 1 


tstolie 

1934 


^ niinff IT • Studies on Espeninental Hvpeitension, Piodiichon of Malignant 
P mse of i* J- ^^r>or. Med' 67; bOO, 1938 

« , 1, 1 U TT • V.xocnwental Hvpcrtension Induced In Renal Iscdiemia, Bull 
^ We . York Aead: Med 14: 523, 1938 

xf rntler F. A., and Buglicr, J. C • Riedel’s Stiuma, Tr Am A 

Bovden, A. M, Coucr 

Btudy Goiter, pp. 35 02, l.»35. 



HaR'T: fftACTlIRKS OF KECK OP I'EMUR 


765 


lying principles involved in the healing jirocess of fractures of the fenv 
oral neck and the importance of mechanical factoi's on physiologic 
px’ocesses. 

The two types of fracture are contrasted in Table I. 

The one fundamental principle which is demonstrated by comparing 
the two types of fracture of the femoral neck is the influence of sheai ing 
strain on the healing process of the fracture. In the more common ad- 
duction type of fracture, weight-bearing and muscle contraction cause 
a shearing strain between the fragments with resulting motion, irrita- 
tion, hyperemic deealcifieation, absoiTition of the femoral neck, and 
nonunion, as shoAUi in Pig. 2 {y). To prevent this unfavorable prog- 
nosis, the fresh adduction fracture must be accurately reduced and the 
reduction must be maintained by efficient internal fixation, as in Fig. 3 
(;/), with minimum shearing and maximum pressure forces. 

In the rarer abduction type of fracture of the femoral neck, the 
mechanical forces between the two fragments cause, not shearing, but 
pressure and impaction. These fraetm-es always unite with bony vinion 
without any special form of treatment. 

The compari.sou of these two types of fraetui'e of the femoral neck 
again emphasizes the principles expressed by Eoux and Pauwels that 
pressure forces between fractured bone fragments stimulate bone pro- 
duction. Shearing strains inhibit bone production and cause iiTitation, 


Fig. 2.^ — X, (1> Injury six years previously; <2) abduction typ^ ot fracture of 
neck of femur; (3) impaction of fragments by pressure forces; (-i) coxa valga de- 
formity'; (5) almost horizontal subcapital fracture line (.30® angle with the hori- 
zontal) ; (6) there was no displacement or shearing of fragments in the lateral radio- 
gram ; (7) pressure forces between the fragments dominated over shearing forces; 
(8) no special treatment except crutches for several weeks after the injury; (9) solid 
bony union resulted; (10) no aseptic necrosis after six years; and (11) perfect func- 
tion of the extremity six years after the injury. 


Y, (1) Injury' ten months previously; (2) adduction type; (3) no impaction of 
fragments because shearing forces dominated; (4) coxa vara deformity: (5) fracture 
line is more vertical and forms an angle of more than 50* with the horizontal; (6) 
there was displacement and shearing of - • ’ * ' «r»ri 


lateral radiograms (original, x-ray studies) ; 
ments dominated over pressure forces; (8) U 
physician by manipulation under anesthesia 
ten weeks by a Whitman plaster spica; (9) 
neck resulted from shearing, no bony union ; 


teroposterior and 
between the frae- 
•d by the patient's 
for a period of 
irption of femoral 
aring, walks with 


crutches; (11) osteotomy advised to transform shearing forces into pressure forces 
and to restoie gluteal mechanism; and (12) present age, 50 years. 


Fig. 3. — X, (1) Injury' ten y'ears previously; (2) abduction ty*pe of fracture of 
femoral neck; (3) impaction of fragments because of pressure forces; (4) coxa valga 
deformity; (5) almost horizontal subcapital fracture line which formed an angle of 
about 30* with the horizontal; (6) no displacement or shearing of fragments in the 
lateral radiogram; (7) pressure forces between the fragments dominated over the 
shearing forces; (S) no special treatment except crutches used for several weeks after 
the injury'; (9) solid bony union resulted; (10) no aseptic necrosis of the femoral 
head after ten years; and (li) perfect function of extremity ten years after injury. 

Y, (1) Injury' two and one-half y’ears pre\'iousl5' ; (2) adduction ty'pe of fracture 
of femoial neck (original x-rayr studies) ; (3) no impaction because of shearing 
(original) ; (4) coxa vara d«^rrmitv . (5) transcerv’ical fracture line which 

formed an angle ot about i- ' -ital (original); (6) displacement and 

V ’* F* “ in i , •.•'i-.- and lateral radiograms (original); 

iw uetween the fragments dominated over the pressure forces 

H ■ . '“I J .■ Iiesh fracture was treated by reduction of the fragments and. 

a Smith-Petersen nail, the fragments were immobilized with 
N • ■.■.i.rmity in order to eliminate shearing forces and to contribute 

•!;. 'fM- ■.‘.the fragments, pressure forces stimulate bone production, and 

bueaiing lorces inhibit bone production; (9) solid bony* union of the fracture, no ab- 
sorption of the femoral neck and no aseptic necrosis of the femoral head two and 
one-half years after injury', as demonstrated in the above radiogram* (101 oerfect 
functmn two one-half y'ears after reduction and nailing of fracture; and <li) present 
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liyperemic deealcification, absorption of the neck of the femnr and non- 
union. Aseptic necrosis of the femoral liead resulting from failure of 
revascularization is intimately related to the degree of shearing. 

The degree of shearing or pi’cssure can be expressed bj- a stady of 
the angle formed between the fracture line and the horizontal line be- 
tween the two anterosuperior iliac spines or the angle formed between 
the fracture line and the shaft-axis line (Fig. 1). This study of me- 
chanical forces should be routine in the examination of all fractures of 
the neck of the femur because they play a most important role in treat- 
ment and prognosis. 
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anomal}'. The slight increase in length which frequently follows the 
healing of a fi’acture seldom necessitates operative intervention. 

Length of legs may he equalized hy shortening the long leg, hj^ 
lengthening the short leg, by stimulating growth in the short leg, 
or by retarding gi’owth in the long leg. Epiphyseodiaphyseal fusion, 
as described by Phemister, is of definite value in the treatment of in- 
equality in length of the legs during the growing period. The operation 
usuall}' is performed on the epiphysis at the lower end of the femur or 
on the epiphyses at the upper end of the tibia and fibula, or on both; 
arrest of longitudinal growth of the bones, thus, is obtained. 

Still in the experimental stage are the operations for activating the 
epiphyses and for stimulating longitudinal gi’owth of bones either by 
interniption of medullary blood supply'® or by peripheral vasodilatation 
following excision of the lumbar sympathetic rami and ganglia.*®’ 

To date, the results obtained bj’ these procedures are neither spectacular 
nor convincing. In experimental studies of four normal goats and of 
one monkey which had residual pai'alysis from antei’ior poliomjmlitis, 
Bisgard observed that longitudinal growth of bone was not influenced 
by sympathetic de-innervation. 

We shall limit our discussion in this paper to consideration of the 
first two methods of leg equalization, that is, leg shortening and leg 
lengthening. 

LEG SHORTENING 

The earliest report of a case of operative bone shortening was made 
by Sayre in 1863; he perfoi’med a simple oblique osteotomy of a femur 
and allowed the fragments to override. Glaessner, in 1907, reported 
three similar cases. Deutsehlander, Calve and Galland, Tajdor, and 
Groves, suggested procedures for compensatory shortening of the unaf- 
fected femur. More recently. White (1935) recommended transverse 
osteotomy of the femur with overlapping of the fragments and inser- 
tion of removable pins to maintain the fragments in correct position. 
This is a simple and quite satisfactory operative proeediu’e for shorten- 
ing of the femur. The first report of a case of shortening of the tibia 
and fibula was made by Brooke,” in 1927, and his method is still one 
of the best employed today. 

In a survey of the literature, Wilson and Thompson collected reports 
of 100 cases of bone shortening, contributed by five authors. In this 
series there were ninety-eight femoral shortenings and two tibial short- 
enings. The average shortening obtained was 5 cm.; there were seven 
cases of postoperative infection and two cases of delayed union. 

During the period from 1933 to 1940, inclusive, operations for bone 
shortening were performed in nineteen cases at the Gillette State Hos- 
pital for Crippled Children. The essential data in these eases are 
summarized in Table I. There were twelve operations on the femur 



KQIL\L]ZIN(; TJIE J.OWER EXT]{E:\IITIES: A CJJNICAL 
CONSIDEKA'j'JON OF LEG J^ENGTHEiXING A’ERSUS LEG 

.SlfOKTEM.N'G 

(!i;oh(!k S. PiiAhKN,® KochivStkk, Jli.vx., and 

C. G. CuATTKitTON.f M.D., St. Paul, JIinn. 

L ower extremities unequal in Jen^h often })roc]iiee deleterious ef- 
^ Jeets on the patient from both a mechanical standpoint and a psy- 
cliologie standpoint. 

Jlcclianically, no more tlian 4 cm. of .shortening of one leg may be 
eompcn.sated for by a lilting of the pelvis; M'hcn the .shortening is 
more than this amount, a lift usually must be inserted into the shoe 
of tlic short log to prevent the development of an excessive curvature 
of tiic .spinal column. Scoliosis and poor posture, witli resultant symp- 
toms of strain and fatigue, commonly result from an uncorrected in- 
equality in length of the legs. 

Psychologically, a siiortcned lower extremity because of its attendant 
disadvantages may be harmful. An elevated shoe, especially if the 
sole is raised more than 2.5 cm., is conspicuous whether the wearer is 
walking or sitting, and the wearer of such a shoe may become un- 
ha])pily self-conscious because of his physical handicap. The weight 
of the elevated shoe may also be objectional for a patient who lias par- 
tial paralysis of the muscles in the shortened limb. In addition, the 
expense of specially built shoes during a lifetime is frequently an im- 
portant consideration because it is a burden. 

Anterior poliomyelitis is one of the etiologic agents M’hich most fre- 
quently produce a shortening of a lower extremity. Other causes of 
shortening include malunited fractures, epipl^’seal arrest caused by 
either injury or infection, congenital dislocation of the hip, arthritis of 
the hip or knee (especial^' tuberculous), congenital anomalies, tumors, 
and chronic infections of bone. It is with these conditions that the 
orthopedist has chiefly to deal in cases of inequality in length of the 
lower extremities. Of the forty-five cases reviewed in this paper, the 
1 -t nin"' of the leg was due to anterior poliomyelitis in thirty-four 
^ to epiphyseal arrest in three cases, to congenital dislocation of the* 
three cases, to arthritis of the hip in three cases, to malunited 
hip I ‘ fpmur in one case, and to congenital shortening in one 
fracture ot tne 

leo- may be caused to grow longer than its fellow by 
chronic infection of bone, a tumor, or some congenital 


case. 

Occasionally, 
the presence of a 


•Fellow in 


OrtUopedic 
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Table I — Coxt'd 


CASE 

BIAOXOSIS 

TYPE or OPERATION 

SHOUT- 

ENIKO 

ODTAINED 

(cw.) 

COJtPLICATIONS 

REMAIN- 
ING IN- 
EQUAL- 
ITY IN 

length 

(CM,) 

17 

Poliomyelitis 

Z osteotomy of 
tibia ; iatrameilul- 
l.ary graft; vital- 
lium screws 

0 

Soft tissue infec- 
tion; delayed 
union, 8 months 

Xegs 

equal 

j 

18 

Poliomyelitis j 

Z osteotomy of 
tibia; vitallium 
screws 

4 

t 


0.5 

19 

Osteomyelitis ; 
eplplwscal ar- 
rest of femur 

Transverse osteot- 
omy of femur ; 
vitallium plate; 
onlay graft 

5 

Osteomyelitis; re- 
moval of onlay 
giafts 1 month 
after operation ; 
wound draining 5 
months after op- 
eration (at time of 
report) 

Final re- 
port 
not ob- 
tained 


and seven on the tibia and fibula. Shortening obtained by operation 
ranged from 4 to S.5 cm., the average for all the eases lieing a little more 
than 5 cm. 

The average number of da3's in the hospital for each of the first 
eighteen patients in this series was 168; the greate.st number, 292; 
and the least, 101. The majority of the patients began walking with 
guarded weight bearing, three months after operation. Thomas ring 
caliper braces were worn for another three to six months in most of 
the eases of femoral shortening; and walking easts were worn for an- 
other six to twelve weeks in most of the cases of tibial shortening. 

There are definite disadvantages to the operation of bone shortening. 
It is most important for the surgeon to realize that this operation is 
performed on a normal extremitj’ in the presence of an extremitj' that is 
alreadj- abnormal. This jeopardizing of the well leg makes anj" post- 
operative complication all the more serious and costty. A patient who 
has onlv one normall.v functioning leg will think twice before consenting 
to any elective operative procedure on the well member. A lift on the 
shoe of the short leg, no matter how unsightl.r, would certainty be 
preferable to a postoperative disabilit.v of the previousty nonnal longer 

If a patient is appi-oximately 6 feet (183 cm.) tall, a bone-shortening 
operation would ordinarilj- be recommended I’ather than a bone-length- 
ening pi’oeedure. However, when the height of the patient is onlj- 5% 
feet (168 cm.) , or less, the sui-geon is not so hasty to suggest a further 
2 or 3 inches (.I or 7.5 cm.) shortening of stature. lYomen, of eoiu'se, 
can better afford to lose a few inches in height than can men; short 
stature is never so much of a phj’sieal handicap to a woman as it is to 
a man. Furthermore, a loss in height may become a mental handicap. 
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r.EMAIX- 
IKO IX- 
EOUAL- 
ITY ].S' 
I-EKDTH 

(m.} 


Legs 

equal 





Legs 

equal 


Slight posterior 
bowing; removal 
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A one (Legs 
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after operation 


None fiegs 
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Fracture of infra- Legs 
medullary graft equal 
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rior bowing 




Delayed union, 12 
months 
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tions included infection in twenty -two cases, delayed union in five cases, 
nonunion in twelve cases, fracture in ten cases, and injuries to nerves 
in five; there was one death. 

During the period from 1928 to 1940, inclusive, operations for leg 
lengthening were performed in twenty-six eases at the Gillette State 
Hospital. Table II presents a summary of data in these cases. There 
were two cases of femoral lengthening, twenty-three cases of tibial 
lengthening, and one case in which both femur and tibia Avere length- 
ened. The amount of lengthening obtained by operation ranged from 
0.5 to 7.5 cm., the average for all eases being 4.5 cm. 

The RA'crage number of days in the hospital for each of the patients 
in this series Avas 244.5, the greatest number AA-as 552, and the least 
number, 87. The patient aa’Iio stayed in the hospital 552 days had a 
lengthening of both tibia and femur. The majority of the patients 
began Avalking, Avith guarded Aveight bearing, about four months after 
operation. Thomas ring caliper braces or short Hessing braces Avere 
worn for another three to six months in most of the eases. 

Prom the data recorded in Table II it is evident that no one of the 
three femoral-lengthening operations Avas satisfactory. In each of the 
three cases an attempt Avas made to obtain lengthening Avithout skeletal 
countertraction. We agree with Putti“ and Abbott- that skeletal 
countertraction is an essential principle of a leg-lengthening procedure. 

In most of the cases, of Avhich Pigs. 1, 2, and 3 are typically iUus- 
tratiA'e, a tongue and groove osteotomy of the tibia Avas performed. 
The steps of this operation are as folIoAA-s; tenotomy of the Achilles 
tendon, transA-erse osteotomy of the fibula, insertion of one Steinmaun 
pin in the loAver end and Iaa-o pins in the upper end of the tibia, tongue 
and groove osteotomy of the tibia betAA'een the pins, cutting of all tight 
fascial and periosteal bands, and application of the leg-lengthening ap- 
paratus. The osteotomy of the tibia is performed through a long, 
curved, anteromedian incision; the tibial shaft is exposed, and, with 
the double blade motor sarv, a long double cut is made through the an- 
terior osseous cortex. These two vertical saw cuts are joined below’ by 
a transverse cut anteriorly and above by means of Gigli’s Avire saw 
posteriorly. This leaves the tongue graft above and the grooA’e below. 

The apparatus employed in all of the tibial lengthenings Avas a 
modification devised by Cole, in 1927, of Abbott’s original apparatus. 
This modified apparatus enables the surgeon to carry out the three 
principles so necessary for a successful operation for leg lengthening, 
that is, employment of skeletal traction and countertraction, applica- 
tion of sloAv continuous traction, and maintenance of accurate contact 
and alignment of the fragments. 

Before an operation for leg lengthening is performed, the patient 
should try Avearing an elevated shoe, not only to correct secondary con- 
ditions such as scoliosis and poor posture, but also to detemine the 
amount of lengthening Avhieh aatII give the optimal improA'ement in 
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] )i(‘ .sliorl(';)iii^' tuny Iw “Iittiniliiithii''' in (fio !nic cfymolojrie sense of 
(lio word, “lo innlco iionrer the ‘n'ornid.’'"' A man ^Wio is less than 5 
ieel r> i/iches (jfin mi.) (all iirohahly would prefer lo wear a lift on 
lii.s .shoe for the I’csl of his life than to lose 2 or 3 inches (5 or 7.5 
ein.) in hei'dil. 


AA e believe that a k‘»--.shorlenin«- operation should not he performed 
until after the prowth of the patient has been well attained. The po.st- 
Iioiiemcnt obviates the neees.sily of n.sin" any formula, such as that 
recommended by Jk'ooko,’" to determine the additional amount of short- 
onin"' which will be refpiired after the jiatient s gi'owth has ceased. In 
the .series of nineteen ea.ses refiorted herein, the average age of the 
patients was eighteen and onc*half ycai-s; the youngest patient was 
.S'i.vteen and the oldest, twenty-one years of age. If, at the time of opera- 
tion, the eau.se of the shortening is .still active, continuation of the dis- 
turbed rate of growth will lead later to discrepancy in the length of the 
limbs. Some authors suggest that the hyperemia I’csiilting from the 
shortening ojicration also may lead to an increased rate of growth of 
the shortened leg. 


LF.O LENOTnKMXG 

Surgical iiroeedurc for bone lengthening is much newer than that 
for bone shortening. Codivilla, in 1905, was the first to devise a method 
for lengthening long bones; he performed osteotomy and then applied 
direct skeletal traction by means of a nail through tlie os calcis. In a 
scries of twenty-two cases, Codivilla obtained gains in length of 3 to S 
cm. In 1908, Magnuson demonstrated experimentally that leg lengthen- 
ing eoiild bo performed without damage to the blood supply or nerve 
function of the extremity. Using an apparatus called an “osteoton,” 
which provided continuous skeletal traction, Putti,®' in 1921, succeeded 
in obtaining 7.5 to 10 cm. lengthening in ten cases of femoral shorten- 
ing-, in all these cases union was somewhat delayed. It remained for 
Abbott*"'* to devise a simple dependable apparatus, to standardize the 
operative procedure, and to place the operation of leg lengthening on a 
practical basis. Since Abbott’s first report, in 1927, of six cases in 
which bones were lengthened snecessMly, the operation lias been per- 
formed on hxmdreds of patients by various ortliopedie surgeons through- 
the country. There have been, of course, minor variations in the 
r\m 0 ue of operation and in the lengthening apparatus employed.**- ■*’ 

04 , ;g, 38 Most surgeons prefer to lengthen the tibia and fibula, 
Andei-son expressed the belief that it is wiser to lengtlien the femur, 
but n e m, ™pson collected reports of 270 cases of bone lengtben- 
Wilson an contributed by eleven different authors; of these 

ing which ha „peetlnre in 224 was lengthening of the tibia and 
cases the surgica p ^ femur. The maximal amount of lengtli- 

fibula and in fi,e tibia or the femur was 9 cm. and tlie 

ening from both bones, 11.5 cm. Postoperative eompliea- 
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Table II — Cont'd 


CASE 

biagxosis 

TYI'E OP Q 

OPEnATio::^ 

LEXCTII 

STAINED 

(CM.) 

COMPLICATIONS 

kemain- 

IXG IN- 

ecjualitv 

IiV 

LENGTH 

(CM.) 

33 f 

’oliomyelitis 1 

'ougue- groove 

osteotomy of 
tibia. 

7 i 

fcJicle graft to ulcer of 
lou-er leg 5 years after 
operation ; pinch graft 
to another ulcer 7 years 
after operation 

Legs 

equal 

34 1 

loliomyelitis 1 

iimi 


None 

Legs 

equal 

35 ) 

PoKomj’elitis 5 

5 osteotomy of 
tibia 

n 

None 

2.5 

■ 

Poliomyelitis ’ 

longue-groove 
osteotomy of 
tibia 

4 

Delayed union, 11 months 
after operation; supra- 
condylar osteotomy of 
femur for genu valgum 
G years after operation 

5 

37 

Poliomyelitis 

Tongue-groove 
osteotomy of 
femur ; 

Roger An- 
derson ap- 
paratus 

1 

.Apparatus removed ; 13- 

pound traction applied; 
fracture tongue graft 

5 

38 

Congenital 

shortening 

Tongue- groove 
osteotomy of 
tibia 

4 

Drainage upper end of 
wound; chicken pox 

1 

4 

39 

Poliomyelitis 

Tongue-groove 
osteotomy of 
tibia 

6.5 

Removal of protruding j 
portion of tongue graft 
5 months after opera- 
tion ; osteomyelitis 1 

healed 14 months after 
operation 

1 

40 

Poliomyelitis 

Tongue-groove 
osteotomy of 
tibia 

7 

Lower pin broken and re- 
placed 

Legs 

equal 


■i 

Tongue-groove 

osteotomy of 
tibia 

4.5 

Slight drainage, lower pin 

0.5 

42 

jPoliomyelitis 

Tongue-groove 
osteotomy of 
tibia 

4 

' 


Legs 

equal 


■1 

Tongue- groove 
osteotomy oi 
tibia 

mil 

None 

4.5 

44 

Septic arthri 
tis of hip 
mitli dis- 
location 

1- Tongue-gT'oove 
osteotomy oi 
tibia 

5 

Temporary peroneal hyp- 
estlicsia 

5 

45 

Old fracture 
oi S^rnit o 
femur 

Tongue-groove 
f osteotomy o 
tibia 

5 

E 

Tongue graft exposed in 
incision; fa.stened with 
two vitaDium screws 7 
montlis after operation; 
not healed 11 months 
after operation 

l.n 

i 

* 


In Case 31 two 

Operations were 

performed. 
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suitfiKity 


T.MI1.K II 

Cahks or hm Lkncthknjn^! 



TYl'K or 
orrcATio.v 


CASi; IiIA(iNO.SIS 


0 ll’olionivclitis 


21 I’olioinyolitis Toiigue-groovo 
osteotomy of 




tibia 


/ osteotomy of 
femur; tongs 
in condvles 


23 Poliomyelitis Tongue-groove 
osteotomy of 
tibia 


24 Poliomyelitis Tongue-groove 
osteotomy of 
tibia 


25 IPoliomvelitis 



2G 

IPoliomyolitis 

27 

Poliomyelitis 

28 

Poliomyelitis 

29 

Poliomyelitis 

1 

30 

^lioniyelitis 

~3f^ 

Poliomyelitis 


osteotomy of 
tibia 


’ongue-groove 
osteotomy of 
tibia 



Vertical osteot 
omy ; of 
femur 






tibia • J 



COSII'HCATIO.VS 


Loivcr pin broken before 
lengtlicning complete 


Ujijier pins broken before 
lengthening complete 


Method of traction not 10 
satisfacton- 


Lower pin broken; frac- 
ture tongue graft; 
drainage; sequestrec- 
tomy 12 months after, 
operation 


Drainage around pins; 
curettement of sinuses 
7 months after opera- 
tion 


Vrea around incision slow 
to heal; persistent ulcer 
liero was grafted 31 
months after operation 


None 


Legs 

equal 


Plastic closure sinus 7% Legs 
months after operation; equal 
curettage of sinus 9 
months after operation 


Drilling for nonunion 12 
months after operation 


Draining sinuses 6 months Legs 
after operation equal 


Upper pin broken; ap- 
paratus removed and 20- 
pound traction to lower 
pin; drainage about 
pine; tibial graft fori 
nonunion femur 9 
months after operation; 
fractured shaft femur 
39 months after opera 
tion 


Fracture tongue graft 5 
months after operation 

















































Pic-. 2 — LcnstlionlUR of tlio tibia and flbuin, Caw 3S ; a, ntiteilor view of tho natlant on admission, right leif 6 S cm. slioitor tbnn lefp 
h, riKbt tibia and flbnla In the leg-lengthening apparatus, flve weeks after operation, c, nnteioposteilor and lateral views or ilglit tibia 
and (Ibiiln, seven months aftei operation plastic closuie of sinus, tliiough which distal end of tongue graft projected, was done at this 
tinio d, anterior view of the patient on dlsclmige, one yoai aftei operation patient Is wealing a Thomas ring callpei bi,ice and legs are 
equal In length, c, antci opostei lor and latcial slows of light tibia and nbula, tsventy months after operation. 
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function. Whether or not thei'c is a fixed pelvic obliquity should also 
be determined before operation. If the abductor iniiseles of the -hip are 
weak, as they frequently are in cases of poliomyelitis, equalization ^of 
the lower legs and consequent leveling of the pelvis will so change the 
leverage of these weakened muscles that the gait may be worse after 
the lengthening than before the operation. At least one ease has been 
reported in Avhieh the hip gradually dislocated after a lengthening oper- 
ation upon the tibia.”’ A child who has very weak hip muscles Avalks 
better if the paralyzed leg is at least one-half inch shorter than the 
normal leg. We believe it is not advisable to perform a leg-lengthening 
operation of any tjqie unless the quadriceps and abductor muscles of 
the hip are strong. 

An operation for leg lengthening is not indicated unless there is a 
shortening of more than 2.5 cm. that is producing impairment of gait. 
Clinical or roentgenographie evidence of previous infection or other 
pathologic involvement of the bones of the short extremity contrain- 
dicates the operation for bone lengthening. Another contraindication 
is a shortening of so marked a degree that the maximal lengthening 
even of both the tibia and femur will not sufficiently equalize the ex- 
tremities. In these rare eases, amputation and the use of artificial limbs 
will give better functional results. 

We believe it is preferable for the patient to be at least 14 to 16 years 
of age before undergoing the operation, although in this series of twenty- 
six cases, eight patients were less than 14 years old. The youngest 
patient was 9 and the oldest 21 years old; the average age for the 
twenty-six patients was 15% years of age. 

Leg lengthening is a somewhat formidable and technically difficult 
operative procedure entailing a prolonged period of disability and a 
risk of numerous complications of which the more important are post- 
operative infection, delayed union or nonunion, paralysis of nerves 
caused by stretching, circulatory , disturbances (prolonged edema, 
chronic ulcers, thrombosis, and so forth), breaking of the metal trac- 
tion pins, and fracture of the tongue graft. Other complications re- 
ported in the medical literature’”' include late fractures, mal- 

union, necrosis of skin and bone, traumatic arthritis and lessened mo- 
tion in the knee, deformity of the foot, protrusion of the tongue graft 
through the skin, displacement of the head or the distal end of the 
fibula when this bone unites prematurely and is not lengthened as much 
as the tibia, and increased weakness of the lengthened muscles in cases 
of poliomyelitis. Not all these types of complications occurred in the 
series of cases reported in this paper; those which ivere encountered are 
listed in Table II. 

LEG LEXGTHEXIXG VERSUS LEG SHOBTEXIXG 

The operation for lengthening of a shortened extremity always has 
held an irresistible ajipeal for surgeons and patients alike. We believe. 
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SUItGKKV 


ilowcvor, (hat for (he inajoril.v of patients w)io have shortening of one 
of the lower extremities, an operation for Ic'? shortening is preferable 
to a?i operation for leg lengthening. 

The oj)era(ion for leg lengthening does have certain decided ad- 
vantages ovei' the ])rocedure for leg shortening. The latter is performed 
on (ho ahnoi'inal cxirciniiy and the well leg is not jeopardized- Further- 
more, height is not sacrificed by an operation for leg lengthening; as 
we have stated prcviousl.v, a loss in height may be a marked physical 
or mental handicap to a patient of le.ss than average stature. 

The operation for leg .shortening, however, is relatively .simple and 
safe, and (he procedure is accurate. The shorter period of disability 
after an operation for leg shortening as compared with the period of 
disability after an operation for lengthening means a great saving of 
time and money for the ])atient. The short leg nearly always is found 
to be ill adapted to plastic operations; especially as a result of polio- 
myelitis, the short leg has weak, atrophic muscles, slender bones (Fig. 
3), and a relatively poor blood supply. The sound limb is much better 
suited than the weakened limb to withstand a major surgical procedure. 
In most cases of inequality of the lower e.xtremities, the operation for 
leg shortening otfers a mechanical advantage in that lowering of the 
center of gravity of the body tends to increase bodily stability and 
improve locomotion. 

SUMMARY 


There have been presented fort.v-five eases in which operations for 
equalization of the lower extremities were performed. Twentj'-six of 
the patients had opci-ations for leg lengthening and nineteen had opera- 
tions for leg shortening. Although serious complications may be en- 
countered subsequent to either t}'pe of operation, the advantages of 
the procedure for leg shortening greatly outweigh those of the opera- 
tion for leg lengthening. The latter, more formidable operative proce- 
dure had probably best be limited to that small, carefully chosen gi’oup 
of patients who have unequal lower extremities and who are either 
xmwilling oi' sacrifice any fraction of their height. 
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The method of excision and closure ■nliich I have used for many years 
fulfills these two requirements : it maps out the area accurately on the 
overlying skin; it restores the natural groove between the nates, and 
so entirely obliterates all space between the skin and the sacrococ- 
cygeal fascia. 





Fig 3 


Line of 
bloc 

excision / 



Fig 4 


TECHNIQUE 

Fust pass a small probe (Fig. 1) through the postanal dimple (Pitr. 
) into the cavity of the cyst and push it cephalad as far as possible 



THE SUJ?GICAL TEEATHENT OF PILONIDAL CYSTS 

AVitjj a Dj:sci!n''j'ioN' or Tin: Author's HIctiioi) or Dcmarcatiox 

AN'D Cuosunn 


Guy S. Arstyxi:, SI.D., Chicago, III 


OUEGICAL rcmoviil of a pilonidal cyst can be facilitated by ac- 
curate maiipinfi of tlio cystic area on the overlying skin. Successful 
jn’iniary closure of the ■wound is po.ssible only if dead spaces in which, 
blood or serum may aecuniulate can be jirevented. 

An almost universal method of mapping out the cyst cavity has been 
the injection of a methylene blue solution through the sinus that is 
always present. Gage' and others have emphasized that if a dye is 
injected into these sinuses for the purpose of delineating all of the rami- 
fications of the cyst cavity, it must be injected several days prior to 
operation. By so doing, the lining will become deepl.v stained, but 
tlie dye will not iTin and stain newly cut tissue, as happens when its 
injection is done at the time of operation. The dj-e method, even with 
this suggested impro\'emcnt, however, does not map out the area on the 
overlying skin, but simply tells the surgeon when he has not excised 
widely enough. 

Slany methods of primary closure have been advocated. AU have 
been designed to close accurately the dead space between skin and 
sacrococcj’'geal fascia. Lahey,^ in 1929, after block excision of the e.vst, 
fiUed the gap with a pedicle flap. In 1932,® he modified this bj" shifting 
a flap attached at both ends, leaving a crescentic space over one gluteal 
reo-ion to gi-anulate. CattelP still further modified this in 1934, closing 
this gap by converting the crescent into a “Y." Burgess® advocates 
primary closure by undermining the edges of the wound, then placing 
silk retention sutures tied over a rubber sponge or gauze. This method, 
he feels aids in obliterating the dead space in question. Ferguson and 
Mercraj’® describe a method of primary suture in which a single mattress 
suture of alloy steel wire is tied over a gauze roll on either side, or a 

uble mattress suture simulating a double figure-of-eight suture is simi- 


' r uinion all of these and similar methods fail to obliterate the 
In my gjjjjj and deep fascia because they do not take into 

dead space natural depression between the nates in which these 

consideration i jnstead of restoring this groove, the3' bridge the 
cj'sts usual y i • inviting infection, 

cirin over it, creaiiUn 

Socletr at IVesley Memorial Hospital. Vec. 12. 

before the Chicago 


1911- , 

Keceivecl lor 


pptt>cation, May lU 
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To close,® instead of suturing the edges of the skin flaps to eacli other, 
I place mattress sutures of heaiy silk verj’^ close to tlie edge of one 
side, then through the deep fascia overljdng the lower sacrum and 
coccyx in the midline or veiy slightly past it, then back again through 
the edge of the same flap (Fig. 5). Sufficient similar sutures are placed 
along each flap edge from skin to fascia and back so that when tied, 
each flap is folded on itself with its free edge now held fii’mly to the 
bottom of the groove in the midline (Fig. 6). This procedure approx- 
imates the edges just as truly as though thej’- were sutured to each 
other with the additional advantage of entirely oblitei’ating any pos- 
sible dead space underneath. One or more shallow sutures may be 
placed from one flap to the other (Fig. 6 A, top suture) should there be 
any gap, excepting that it is wise, since these cj^sts are always infected, 
and since this region is close to the anus, to leave a small gap at the 
lower angle for draininge. 

•The author, in describing- this method of closure, had. until April 20. 1942, believed 
it original with himself. On that date he -was informed that practically an identical 
procedure had been described by Colp' in 1929. 
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iisinf? eiivo, however, not to make a false passage info fhc periej'stic 
tissues. Now make a smail nick in the .skijj over the palpable head of 
the lU'obe. Next change l!ic position of tiic probe to an oblique, both 
2 'iglti and loft, nicking' (he skin each time over the head as before. 
Continue this to a inwsYcrsc position, then obliquely downward and 
lastly, directly eatidad. Tliis serie-s of .skin nicks now accurately maps 
out the cyst area on the .skin .surface. 



Tied matures 



Fi& 6. 


. ■ . n Pismuth paste (Fig. 3). This will distend the cyst, 
Next inject a which an unwary surgeon might in- 

and identify any n i epeye than methylene blue or other dye 
advertently cut, better, f 


- , tplv delineated on the .skin one can now excise 

iVith tlie area aecni-a ^ around the marked-out area {Fig. 4). 
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The following teehniqiie was employed for most of the experiments. 
Eighteen-honr broth cultures of Staphylococcus aureus and of Esch- 
erichia coli were used as test organisms. Various dilutions of the disin- 
fectants were made in 5 e.c. volumes in distilled water. One-half cubic 
centimeter of a test culture was pipetted into 5 e.c. of each disinfectant, 
mixed and allowed to stand at room temperature. After five and ten 
minutes, subcultures were made with an approximately standard phenol 
coefficient loop into tubes containing about 10 c.e. of (a) plain broth and 
(b) sodium thioglycolate broth. These subcultures were ineubated at 
37° C. for a minimum of forty-eight houi’s and observed for growth. 
Eandom subcultures showing growth were stained by Gram ’s metliod and 
examined for contamination but no contamination was observed. Tables 
I and II are illustrative of the results obtained and represent experiments 
that were performed at the same time on the germicidal activities of 
aqueous iodine and mercuric chloride against E. coli. 


Tabue I 

Action of Aqueous Iodine Plus Potassiujc Iodide on E. coli 



10-MINUTE SUBCULTURES 

PLAIN 

BROTH 

SODIUM THIO- 
GLYCOLATE 
BROTH 

PLAIN 

BP.OTII 

SODIUM THIO- 
GLYCOLATE 
BROTH 


DILUTIONS OF 1% 
aqueous IODINE PLUS 
2% POTASSIUSt 
IODIDE 


Full Strength 

1/4 

Vin 

%4 

Vac 


+ = Growth 
~ =: No growth 


of B. coli in ninety-six hours 


TABhE II 


Action of Mercuric Chloride on coli 


DILUTIONS OF 3/^000 | 

MERCURIC CHLORIDE 

5-minute subcultures I 

\ 10- MINUTE SUBCULTUP.ES 

PLAIN ' 

BROTH 

SODIUM THIO- 
GLYCOLATE 
BROTH 

PLAIN 

BROTH 

SODIUM THIO- 
GLYTOLATE 
BROTH 

Full strength 

- 

-t- 


■f 

% 

- 


- 


Vin 

- 


_ 

-f 

Vm 

- 

+ 

- 

+ 

Vac, 






- = No° growth } ninety-six hours 


Table I indicates that 1 per cent aqueous iodine in dilutions up through 
%4 apparently killed the test organisms. No growth was observed in 
the subeultures made into plain broth or sodium thioglycolate broth 
until dilutions of aqueous iodine exceeding Vo 4 were tested. Table II 
.shows a very contrasting picture. Subeultures into plain broth failed 
to grow until they were made from an original y^r.r, dilution of the 
Mooo mercuric chloride, ivhereas all the sodium thioglycolate broth sub- 
cultures showed growth. This test indicates that bichloride of mercury 















THE ANTIBACTEKIAL ACTION OF CERTAIN DISINFECTANTS 


Axsox IIoYT, Roy T. Fisk, AXD Gerhard Burde 
Los Angeles, C.UjIf. 

(From Vic Lahoratories of Vic Loc Antjelcs Countij Hospital (Unit One) and the 
Department of DactcriologPj School of Medicine, Dniversitp 
of Southern California) 

TIpRO]\I tlie time of Robert Kocli it lias been a common!}^ accepted belief 
A that iiierciuy bieliloride is an efficient geimicide for the destruction 
of bacterial siiorcs as ivell as vegetative forms of microorganisms. More 
recently certain inorganic and numerous organic mercurial preparations 
have been popularized and widely employed as chemical disinfecting 
agents. 


In spite of their popularitj’’ mei'curial disinfectants have certain disad- 
vantages. Bichloride of mercury is markedly to.\ic, irritating, and cor- 
rosive. Some of the newer mereurials and, especialty, eertain organic com- 
pounds show considerable improvement in these respects. The main de- 
fect of the mercurials, however, lies in their high bacteriostatic powers in 
comparison with their bactericidal abilities ; they often prevent bacteria 
from multiplying without actually killing them. As a result of such 
bacteriostasis the mercurials tend to give falselj^ high phenol coefficient 
values and show spectacular results ivhen tested by the agar cup plate 
technique. 

The relatively high bacteriostatic and low bactericidal power of bi- 
chloride of mercury \vas first reported bj" Geppert (see Welch'), in 1889, 


and was well recognized by Welch' and liis co-workers as earl^^ as 1891. 
More recently it has become evident that the actual bactericidal or bac- 
teria-killing powers of practically all mercurial disinfectants are remark- 


ably low, a fact which was lately (1940) emphasized by a report of the 
Council of Pharmacy and Chemistry of the American Medical Associa- 
tion” Brewer'* (1939) demonstrated that organic mercurial compounds 
cannot be relied upon for killing spores which may contaminate surgical 
*^^d dental instruments, sutures and other materials. It is also easy to 
1 ' Auth the use of sodium thiogljmolate medium (Brewer') that 

shoW^ wi disinfectants, in the concentrations customarilj' em- 

manj n , , . 1 -n nmionnT'c-fm'miiio- bnptAvin. The cx- 


™ a uu-ible to kill certain nonspore-fonuing bacteria. The e.x- 
ployed, are tests perfoi-med for the Los Angeles 

periraents bactericidal efficacies of certain mercurials in 

County Hospi a iodine plus potassium iodide and also witli 

comparison with a^em 

aqueous zepluraii 

lor pvrlication, Yeb. B. 
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The following technique was employed for most of the experiments. 
Eighteen-hour bi'oth cultures of Staphylococcus aureus and of Esch- 
erichia coU were used as test organisms. Various dilutions of the disin- 
fectants were made iu 5 c.c. volumes in distilled water. One-half cubic 
centimeter of a test cultui’e was pipetted into 5 c.c. of each disinfectant, 
mixed and allowed to stand at room temperature. After five and ten 
minutes, subcultures were made with an approximately standard phenol 
coefficient loop into tubes containing about 10 c.c. of (a) plain broth and 
(b) sodium thioglycolate broth. These subcultures were incubated at 
37° C. for a minimum of forty-eight hours and observed for gron-th. 
Eandom subcultures shomng grondh %vere stained by Gi’am ’s method and 
examined for contamination but no contamination was observed. Tables 
I and II are illustrative of the results obtained and represent experiments 
that were performed at the same time on the germicidal activities of 
aqueous iodine and mercuric chloride against E. coli. 


Table 1 

Actiox of Aqueous Iowxe Plus Potassium Iodide ox E. coU 


DILUTIOXS OF 1% 1 

AQUEOUS lODIXE PLUS 
2% POTASSIUM 

IODIDE 

i 5 MIXUTE SUBCULTURES | 

t 10-5IIXCTE SUBCULTURES 

BROTH 

SODIUM THIO- 
GLYCOLATE 
BROTH 

PLAIX 

broth 

SODItM THIO- 
GLYCOLATE 
BP.OTH 

Full Strength 

- 

• 

- 

- 


- 

- 

- 

- 

Vio 

- 

- 

- 


lU 

- 

- 

- 

- 


X 

- 

+ 



1 — X^^owth 1 nin«ty-Eix hours 


Table H 


Action of Meucvric Chloride ox E. coU 


DILUTIOXS OF I/ioOO 
MERCURIC CHLORIDE 


1 10- MIXUTE SUBCULTURES 

PL.UX i 

BROTH 1 

SODIUM THIO' 1 
GLYCOLATE ! 
BROTH 1 

PLAIN 

BROTH 

SODIUM THIO* 
GLYCOLATE 
BROTH 

Full Strength 

- 

T 

- 

X 

% 

- 

X 

.... 


He 

- 

+ 

- 

+ 

VCA 

- 


- 

X 

T2o0 

- 


X 


+ = Grou th 1 „ r, , . 


- = Xo grow th ) ‘D ninety-six hours 


Table I indicates that 1 per cent aqueous iodine in dilutions up through 
%4 apparently killed the test organisms. No growth was observed in 
the subcultures made into plain broth or sodium thioglycolate broth 
until dilutions of aqueous iodine exceeding wei’e tested. Table II 
svoMs a veiy contrasting picture. Subcultures into plain broth failed 
to grow until thej- were made from an original 345 G dilution of the 
Aooo mei curie chloride, whereas all the sodium thioglycolate broth .sub- 
cu tures showed growth. This test indicates that bicliloride of mercury 
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Jiiis ji marked baetcriostatic rather than a bactericidal action. It in- 
hibited growth by bacferio.sta.si.s in ino.sl of the plain broth subcultures 

1) Ul tailed to do iJiis in sodium tJiioglyeolate broth. 3lany .sulfur-con- 
taining eoinj)ound.s, and e.specially sodium thioglycolate, can neutralize 
the baetcriostatic action of mcreurials and allow bacteria, which are in- 
hibited but not killed, to multiply once more. It is of interest to con- 
sider in this connection that various sulfur-eoiitaining compounds are 
present in the human body. Aqueous iodine 1 per cent, in contrast to 
mercuric chloilde, shoived an apparent bactericidal effect in dilutions up 
through and its bacteriostatic action likewise disappeared above this 

2 ) oint. 

Table III summarizes all experiments on the disinfectants that were 
tested by the above method.s'. As a result of the use of sodium thio- 
glyeolate bi’oth as one of the subeulturing mediums, the effective germi- 
cidal strengths of the mereui-ials are shown to be surprisingly low al- 
though thej' would have appeared extremely efficacious if subcultures 
had been made only into plain broth. 


in 

Sviist.vRv OF Disi.vfectaxt.s Tested 




highest fj.val dilvtiox or ws- 


^*rMBER 

IXFECT.VNT 1;VHICH PRO\TD 

DISIXFECTANT 

OF 

EXPEPJ- 

EFFICACIOCS I*V TEA' MI.VUTES OF 
ACTIOA’ AT ROOM TEXIPERATCEE 


MEXTS 

AGAIA'ST 



staph, aureus ( £. colt 


Mercurials 

Mercuroclirome (aqueous) 
Mercuric chloride 
^Plicnylmercurie acetate 
(cystan) 

Tincture metaplien 
Merthiolate solution 
Tincture mercoseptie 
Nonmereurials 

Aqueous iodine (plus double 
concentration of KI) 
Zephiran (aqueous) 


1 

1 

4 

1 

1 

1 


Less than 
Less than i^oo 
Less than tiooo 

Less than %ooo 
Less than %oo(, 
Mooo 

%400 

Hr,. 000 


Less than 
Less than %ooo 
Less than J^ooo 

Less than i/iooo 
Less than ^ooo 
14ooo 

14ooo 


♦This is approximately four times 
its manufacturer for the sterilization 


the stren^h of cj'stan that is recommended by 
of cystoscopes and other instruments. 


Prolonged contact trith at least one of the mercurials at room tem- 
• ture was shotvn to exert a bacteriostatic but no bactericidal effect, 
three experiments, pherndmercuric acetate (cystan) tvas employed 
• f] concentration recommended for c.ystoscope sterilization (approx- 
\ 1/ 1 Staph, aureus was left in contact iiith this disinfectant 

imate y /ssoo • one-half hours. Subcultures into 

for perio^ J showed luxuriant growth after the longest 

sodium tniog ) although the subcultures that were made into plain 
period of exposure, minutes to two and one-half hours, failed 

broth, at all ffifei^mlstromn 

to grow. 
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Jlereurie cyanide, M^oooi tested in a different manner inasmuch 
as subcultures were made into blood broth and blood agar after vaiying 
periods of exposing Stajih. aureus to this chemical. Stapliylococcus 
colonies too numerous to count were observed in blood plates poured 
after exposures up to and including twenty-four hours and all the blood 
broth subculture tubes showed growth. 

Zephiran and aqueous iodine have a number of advantages Avhich will 
be noted briefly. Zephiran is but slightly toxic on intraperitoneal in- 
jection into mice; several normal mice tolerated Kooo aqueous zephiran 
in doses of 0.01 e.e. per gram of body weight by the intraperitoneal route, 
although deaths were encountered when this dose was doubled. Aqueous 
zephiran, %ooo> appears to be praeticall.y nontoxic when taken by mouth. 
A mouse was given dry food with %ooo aqueous zephiran as its only 
source of fluid for a period of two months; the mouse suffered no ill ef- 
fects and was still living and well one month after the conclusion of this 
test. Aqueous zephiran is nonirritating to skin, has a low surface ten- 
sion, and acts as a fairty efficient detergent. It is also relativelj" non- 
irritating to open wounds and to mucous membranes and is being used 
increasingly as a germicide for skin preparation and also for the irriga- 
tion of infected woimds, sinuses, and camties. Zephiran seems also 
adapted for the chemical sterilization of instimments which cannot be ex- 
posed to heat. It evidently has little corrosive action other than that of 
the water in which it is dissolved. It was shomi to have no deleterious 
effect upon the type of cement employed in cystoscopes. In one test a 
portion of a cystoscope was immersed for seventeen days at X’oom tem- 
perature in %ooo aqueous zephiran without the occurrence of any notice- 
able corrosion of the metal or injury to the cement. In order to minimize 
corrosion it has been recommended that 0.5 per cent sodium nitrite be 
added to aqueous zephiran when this disinfectant is used for the storage 
of metal instruments. 

Both zephiran and acpieous iodine appear to have bactericidal powers, 
against the test organisms employed, in dilutions approximately as high 
as those showing bacteriostasis. Iodine, when improperly used, has and 
can cause severe burns. It is our opinion, however, that iodine could well 
be utilized for skin preparation in dilutions considei’ablj- higher than 
those commonly employed. This would minimize the chance of iodine 
burns and should still be effective. It ha.s been shown that aqueous 
iodine, in concentrations that cause little irritation to tissues, can still 
act as an effective germicide. Salle and his associates,'^ working with 
their '‘toxicity index” technique, compared a number of disinfectants 
and reported that aqueous iodine exhibited the least toxicity to tissuns 
relative to its bactcria-killing ability, of all disinfectants tested. Thomp- 
son, Isaacs, and IGiorazo® cheeked the action of various disinfectants 
against a strain of Sfoph. aureus, using the germicides in their maximum 
nonirritating concentrations as determined by instillation on the corneas 
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Jias Ji marked bactorioslalic rather tJian a bactericidal action. It in- 
hibited growtli by bacteriostasis in most of the plain broth subcultures 
Init tailed to do tin's in sodium tbioglycolate broth. Jlany sulfur-con- 
taining comj)ounds, and especially sodium tbioglycolate, can neutralize 
tiic bacteriostatic action of mercurials and allow bacteria, which are in- 
hibited bvit not killed, to multiply once more. It is of interest to con- 
sider in this connection that van'ous sulfur-containing compounds are 
present in the human body. Aqueous iodine 1 per cent, in contrast to 
mercuric chloride, showed an apparent bactciucidal effect in dilutions up 
through and its bacteriostatic action likewise disappeared above this 
point. 

Table III summarizes all e.\periments on the disinfectants that were 
tested by the above metliods. As a result of the use of sodium thio- 
glyeolate broth as one of the subculturing mediums, the effective germi- 
cidal strengths of the mercurials are shown to be surprisingly low al- 
though they would ha\’e appeared extremely efficacious if subcultures 
had been made only into plain broth. 

Table III 


Sum.mart op Disixfectaxts Testep 






THE USE OF TANTALUM CLIPS FOE HEJIOSTASIS 
IN NEUROSURGEKY 

Robert II. Pudexz, M.D., Moxtke.\l, Qce. 

(From the Department of Xeurology and Xeurosiirgery of McGill University and 
the Montreal Keitroloyical Institute.) 

T he introduction of the silver clip by Harvey Cushing, ■* in 1911, 
was a notable advance toward the .solution of the problem of 
hemostasis in neurosurgery. Cushing's original silver clip outfit was 
consideraldy improved by JIcKenzie' who changed from the round to a 
flattened silver ribbon and designed moi-e efficient instruments for cut- 
ting, holding, and applying the clips. Penfield® designed a smaller 
clip for use with the ilcKenzie apparatus (Fig. 1)." This small clip 
is sizable enough for the control of bleeding from most cerebral vessels 
and, in addition, is admirably suited for neurosurgical procedures on 
experimental animals. As a result of the experiments described in this 
communication, we believe that a further cliange m the clip is justified, 
namely, the replacement of silver by tantalum. 

The disadvantage of the silver clip lies not in its mechanical proper- 
ties, but in the extensive inflammatory reaction which it produces in 
the surrounding tissues. This is a matter of common expei’ience among 
neurosurgeons and neuropathologists. It has been repeatedly disclosed 
at a subsequent craniotomy or necropsy. Because of this reaction 
many neurosurgeons limit their use of silver clips, employing them 
only when other methods of liemostasis will not suffice. 

It is surprising that reports of surgical complications attributable 
to silver clips are almost nonexistent in the literature. Thorncr and 
rTroff'" have described a case of bilateral lumbar posterior root irrita- 
tion by migrating silver clips, which occurred four months after a 
negative .suboecipital exploration for tumor. The pre.scnee of the clips 
at the points of emergence of the involved roots was confirmed by roent- 
genography. It is not unlikely that other complications have occurred 
but have been either unrecognized or unrecorded. 

The neurosurgical .staff of this hospital has long been interested in 
the development of an inert metal from which the Cashing clip could 
be fabricated. Several metals in current surgical use have been con- 
sidered. Principal among these inert metals, in addition to tantalum, 
are vitallium and the several types of .stainless steel. 

Vitallium is an alloy containing 6.1 per cent cobalt. 30 per cent 
chromium, and 1 per cent molybdenum. The widespread use of this 
metal in surgeiy is attributable to the original and encouraeing ex- 
perimental findings of Venable, Stuck, and Beach.” Screws, nails, and 
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<>1 .illiiiu) ivil)l)it.s; fli(>y roporiod JhaJ xepliiriin sliowcd iJie most marked 
and rapid disinloctiii'f action and iodine also placed relatively high in 
this 1‘o.specl. Since iodine has flit; disadviintagc of being corrosive to 
metals, it should not he empio.ved routinely for the cold sterilization of 
instmniH'nls although if might servo as a valuable emergency sterilizing 
agent. 

DI.SCUSSION 

The ideal disinfecltinf foi' .skin jircparalion. for the irrigation of in- 
lected wounds ;ind cjivifie.s, and for the cold sterilization of instruments 
has not been demonsfi'iited to date. Laboratory tests, such as those here 
rejiorted, are mainly of value as. an argument against the use of mereiny- 
conlaining compounds which can easily bo shown to Jiave high bae- 
terioslatie hut low haelcricidal powers. Acincons iodine and zephiran 
both iijijiear to posse,s.s high bactericidal powers as well as high hacten'o- 
stntie abilities; it is only fair to add, liowever, that any compound sbow- 
ing ap]>arently high bactericidal powers may eventually be proved to 
net mainly by bnclerioslasis provided that a proper subeulturing medium, 
analogous to sodium tliioglycolate for the mercurial compounds, can be 
developed. Iodine, when jiropcrly eini)loyed, would seem to be a valuable 
agent for skin preparation. Zephiran a])pears to show considerable 
promise for numerous xises as a disinfectant. It should be more widely 
tested, bowevor, in order that its true values and limitations be thor- 
oughly understood. 

SUMir.\RY AND CONCUrSIONS 


A number of mei-eiirial disinfectants, wbicb are commonly employed 
for skin preparation and for the cold “sterilization” of instruments, 
were tested for their relative bacteriostatic and bactericidal powers 
ao-ainst Staph, aumts and E. coli. All mercurials tested were shown 
to have relatively high baeterio-stalie abilities but low bactericidal pow- 
ers Aquem^s iodine and zeiibiran. on (ho other hand, apj)eared to ho 
highly bactericidal as well as bacteriostatic. 

Certain properties and uses of aqueous iodine and zcpbii-an aj'o fni’lber 
discussed. 
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THE USE OF TANTALUM CLIPS FOR HEMOSTASIS 
IN NEUROSURGERY 
Robert H. Pudexz, M.D., ^Montreal, Qoe. 

(From the Department of Neurology and Neurosurgery of McGill University and 
the Montreal Neurological Institute.) 

T he introduction of the silver clip by Harvey Cushing/ in 1911, 
was a notable advance toward the solution of tlie problem of 
hemostasis in neurosurgery. Gushing’s original silver clip outfit was 
considerably impi’oved by McKenzie" who changed from the round to a 
flattened silver ribbon and designed more efficient instruments for cut- 
ting, holding, and applying the clips. Penfield® designed a smaller 
clip for use with the McKenzie apparatus (Fig. 1)A This small clip 
is sizable enough for the control of bleeding from most cerebral vessels 
and, in addition, is admirably .suited for neurosurgical procedures on 
experimental animals. As a result of the experiments described in this 
communication, we believe that a further change in the clip is justified, 
namely, the replacement of silver by tantalum. 

The disadvantage of the silver clip lies not in its mechanical proper- 
ties, but in the extensive inflammatory I’eaction which it produces in 
the surrounding tissues. This is a matter of common experience among 
neurosurgeons and neui’opathologists. It has been repeatedly disclosed 
at a subsequent craniotomy or necropsy, llecause of this reaction 
many neurosurgeons limit their use of silver clips, employing them 
only when other methods of hemostasis will not suffice. 

It is surprising that reports of surgical complications attributable 
to silver clips are almost nonexistent in the literature. Thorner and 
Groff’" have described a case of bilateral lumbar posterior root irrita- 
tion by migrating silver clips, which occurred four months after a 
negative snboccipital exploration for tumor. The presence of the clips 
at the points of emergence of the involved roots was confirmed by roent- 
genography. It is not unlikely that other complications have occurred 
but have been either unrecognized or uni'ecorded. 

Tlie neurosurgical staff of this ho.spital has long been intere.sted in 
the development of an inert metal from which the Cushing clip could 
he fabricated. Several metals in current surgical use have been con- 
sidered. Princijial among the.se inert metals, in addition to tantalum, 
arc vitaliium and the several types of stainlc.ss steel. 

Vitalliiim is an alloy containing 6i) per cent cobalt, 30 per cent 
chromium, and 5 per cent molybdenum. Tlie widespread use of tin's 
metal in surgeiy is attributable to the original and encouraging ex- 
jicrimcntal findings of A' enable, Stuck, and Beach." Screws, nails, and 
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SURGKRY 


plates of tills miiterinl are roiilhiely used by many surgeons in the open 
ticatniejit of Jraetures. Jii addition, vitalliuni ciijis have been success- 
fully cni])loycd tor arthro])lasty of the hip by Smith-Petersen.” Geib'^ 
has recently reported (lie satisfactory rejiair of cranial defects with 
this metal. 

9 lie orthopedic .scope of (he .stainless steels is essentiall,y simitar to 
that of vitalliiim. Thc.se metals have a further surgical value as suture 
materials. Their popularity for this latter purpose is due largely to 
Babcock.^ 



_PjV 1. — Forceps and clips for use n'ith the ^IcKenzic apparatus; Penfleld’s smaller 
modification is shown at the ripht. 


Certain inconsistencies of results with these stainless steels have been 
attributed to variations of chemical composition. The alloy most e.v- 
tensively employed at the present time is the IS/S type, so-called be- 
cause it eoirtains 18 to 20 per cent chromium and 8 to 10 per cent 
nickel Key“ has recently introduced enduro, another variety of stain- 
1 steel This alloy contains 16 to 20 per cent chromium, a maximum 
Til per cent nickel, and 2 to 4 per cent molybdeniun. He has found 
rimeiitally that this alloy is more resistant to corrosion than the 


^ ■ , -^-itallinm is not adaptable for use in the iMcKcnzic 

, UntojP™^ • ’ YjtaPiuni appliances are made by casting. The 
type of clip 0 _ oj. rolled. It is, therefore, impractical 

alloy cannot be ‘ ^ ribbon from which hemosfatie clips 

for the mannfac ygrious t.vpes of .stainless steel can be 

could be cut- in co > > tempci-cd to varj •ing degrees of 

lied, drawn m y-irc does not have the dead-soft 

s. Stainless steel suigica 


hardness. 
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anneal comparable to silver in its plasticity. HoM’cver, the iise of these 
alloys for the Cnshing clip is a matter for further investigation. 

The difficulties associated with the searcli for a metal having the 
plastic mechanical properties of silver and, in addition, the quality of 
inertness in the tissues, have been obviated since the recent introduc- 
tion of tantalum. 

In contrast to vitallium and the stainless steels, tantalum is not an 
alloy but an element, the seventy-third in the periodic table. It was 
discovered in 1802, by Ekeberg, who so named it boeause of his “tantaliz- 
ing” experiences on attempting to dissolve the metal in mineral acids. 
Physically it is a blue-gray, heavy, malleable, and ductile metal. Chem- 
ically it approaches glass in its resistance to acids. Onlj*^ hj'drofluoric 
and sulfuric acids will attack it. While resistant to weak alkalies, it is 
destroyed by boiling alkalies and the salts which hydrolyze to form 
strong alkalies. 

Theoretically, these chai’acteristics allow the conclusion that tan- 
talum would be inert in the physicochemical environment of animal 
tissue. That this is actually so has been shown by the researches of 
Burch and Carnej'^ and Burke.® These observers have used tantalum 
sutures, bone plates, and screws in both animal and human tissues. In 
none of their subsequent exposures was there evidence of tissue irri- 
tation or corrosion of the metal. The screws became so firmly embedded 
in the bone that they were removed with diffieult.v. Burke reports that 
in his series of thii’ty-four patients, in wlmm tantalum was used for 
.skin closure, there was a striking absence of sear tissue at the site of 
skin penetration. 

The encouraging results obtained by these observers led to this ex- 
perimental comparison of the reaction provoked bj' tantalum and silver 
in the brain and meninges of animals. In view of the short periods of 
observation, the report may be criticized as being premature. Neverthe- 
less, it is hoped that the encouraging I’e.sults obtained in these ex- 
periments will stimulate further inve.stigation of the surgical value of 
tliis metal. 

experimental comparison of t.antalum .and sila'er clips 

Adult cats, anesthetized with intraperitoneal nembutal in doses of 
40 mg. per kilogram, were used for the experiments. Under aseptic 
eondition.s the cerebral hemi.sphcres were exposed bilatei-ally through 
single trephine openings. The dura was incised in a cnieiate manner 
and the leptomeninges perforated with the point of a scalpel at the 
proposed site of insertion of the metallic strips. 

Strips of tantalum and sih’er ribbon, identical in all dimensions, 
wore used. These .strips were 0.75 inch in length, 0.030 inch in width, 
and 0,020 ineh in thickne.ss. Each .strip was angulated 90 degrees to an 
*‘L” .shape resulting in a longer and shorter arm measuring 0.5 and 
ely. 





j)]ti(es ol this nicitcrial arc routinely used by many surgeons in the open 
liCtitment oi' Iraclures. ]n addition, vitallium cups liavc been success- 
fully ein])loycd for artliroplasly of llie liip by Smith-Pet ersen." Geib« 
lias recently reported the satisfactory re]>air of cranial defects with 
this metal. 

Ilie orthojiedic .scojie of the .stainle.ss steels is essentially similar to 
that of vitallium. These metals have a further .surgical value as suture 
materials. Their popularity for this latter purpose is due largely to 
Babcock.' 




pjc-. 1. — Forceps and clips for use with the MeXCenzio apparatus ; Pcnflold’s smaller 
modification is shown at the ng^ht. 

Certaiir inconsistencies of results with these stainless steels ha\'e been 
attributed to variations of chemical composition. Tlie alloy most o.v- 
tensively employed at the present time is the IS/S type, so-called be- 
cause it contains 18 to 20 per cent chromium and S to 10 per cent 
nickel Key" has recently introduced enduro, another variety of .stain- 
1 ss'^ steel This alloy contains 16 to 20 per cent ehroniium, a maximum 
T 14 per cent nickel, and 2 to 4 per cent molybdenum. He has found 
Lperimentally that this alloy is more resistant to corro.sioii tiiaii the 

fvtmrately vitallium is not adaptable for use in the iireKenmV 
Unioi ‘ appliances are made by easting. The 

type of clip 0 -n-ire or rolled. It is, therefore, impractical 

alloy cannot be u ribbon from wliieii Iiemostatie clips 

for the mannfac various types of stainle.ss .steel can be 

could he cut. In co . tempered to varying degrees of 

cold rolled, draim in at .^virc docs not have the doiid-snft 

totocBS. Stainte SWI a,.!? 
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capsule ivas greater in the later stages following implantation. It was 
firmly bound to the overlying dura. Tlic extracted silver clip had a 
brownish-black discoloration of its surface. Finally, on cutting the tract 
of the clip in cross section, a marginal zone of greenish softening, at 
times 3 mm. in diameter, was noted (Fig. 3). 

In contrast, the tantalum ribbon provoked but minimal reaction. 
Encapsulation of the meningeal segment was at most a delicate, trans- 
lucent membrane continuous with the leptomeninges. Meningocerebral 
adhesions at the site of insertion were few and fragile. The blue-gray 
lu.ster of the metal was unchanged. The tract, as seen in cross section, 
was sharply outlined. Eeaction in the surrounding brain was indis- 
eeniible with the naked eye (Fig. 3). 



Fig;. 4A . — Reaction surrounding silver clip thirty days after implantation. Note 
the large masses of polymorphonuclear leucocytes within the tract (T), the second- 
an' zone (5) of gUal, vascular, and connective tissue response and the extension of 
the reaction mto the leptomeninges of an adjacent sulcus (ilf). 

Microscopic Findings . — The gi'oss impi’ession of tlie intensity of the 
reaction surrounding the silver clip was confirmed by microscopic ex- 
amination. For practical purposes this reaction is divi.sible into prox- 
imal and distal zones. In the early stages the proximal zone consisted 
of a wide collar of polymorphonuclear leucocytes. Later many of these 
cells showed degenerative elianges witli small round cells and phagocytes 
filled with brown-black pigment granules dispersed among tliem. Sur- 
rounding tills area of compact cells was the distal zone in which 
oliromatolysis of ganglion cells, amoeboid types of microglia, gliosis, and 
the proliferation of blood vos-scls were noted. The term “gliosis"’ is 
used broadly to indicate the iii’oliferation and hypertrophy of astrocytes 
willi the laying down of neuroglia fibrils. Collections of small round cells 
and compound granular corpuscles were found around the vessels. 
stal zone was the large number of fibroblasts. 
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SUBGL’Ry 


"I lie loiifjer jinns ol tliese angulaied .sti’ips were inserted perpen- 
dienljirly into tiie cerebral licinisplicic, the shorter arm Ij'ing in contact 
with the pia-araehnoid (Fig. 2). The fanlahim strips were placed 
in the I'ight, the silver in the left, cerebral hemispheres. The dural 
flaps were replaced but not .sutured. The temporalis muscles, galea, 
and skin were appro.ximatcd with interruiited sutures of black .silk 
and a dry dressing vas applied. 



2 — Diagranimatic cross section of biain shoning- position of tantalum (T) 
ami silver (S) stiips, the slioitei arm of the strip tests on the pia-arachnoid while 
the longer arm extends into the depths of the ceiebral hemisphere. 



Fig 3 — Tracts of the tantalum (T) and silver (S) ribbons m the right and left 
frontal lobes after eleven da>s Tiie area of reaction aiound the silver strip is 
obvoous (niagniflcation x-l) 

Eleven eats were used for this study. The animals were killed at 
intenmls varying from 10 to 148 days. Prior to removal, tlie brain 
was fixed in situ by internal carotid perfusion with animal Einger’s 
solution followed by 10 per cent formalin. The removed brain, with 
dura intact, was placed in 10 per cent formalin. 

^Yhen properly hardened the dura was reflected from the cortical 
surface and the site of strip implantation examined for reaction. Fol- 
lowing this inspection the strips were carefully withdrawn from the 
b-ain Blocks of cerebral tissue for microscopic study were cut in a 
1 allowing examination of the tract of the metal in cross section. 
O') ^ blocks were further hardened in 10 per cent formalin, embedded 
^ sectioned at 10 The sections were stained by the 

in pail ‘ Gieson, the Malloiy phosphotungstic acid licma- 

hematoxjMn ^ chloride sublimate, and the Ilortcga silver ear- 

toxylin, tne oajm » 

bonatc methods. RrstjnT.s 

Wbp meningeal arm of the silver clip nas invaiiably 
Gross pearlv tissue. TJic thickness of this 

^beaded i» » ■ ■ 
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refinement in technique. Large and small tantalum hemostatic clips 
for use in the IMcKenzie clip forcejis are now in routine use in our operat- 
ing theatres. The large clips are cut from dead-soft annealed tantalum 
ribbon 0.028 inch ivide by 0.014 inch thick, and the small clips from 
a ribbon 0.020 inch wide by 0.010 inch thick. These ribbons are 
narrower in both dimensions than the standard silver rilibons and are 
not knurled. The tantalum clips are similar to silver clips in plasticity 
and permit a firm gimsp on the site of hemorrhage. 

Further studies of the neurosurgical value of tantalum are now in 
progress. The metal has been used in the fonn of a foil to protect 
cerebral wounds from the ingrowth of dural fibrous tissue and tan- 
talum sheet of varying thickness has been employed to obliterate bony 
defects in the skull. The results of these experiments will be published 
in a later communication. 


SUMMARY AND CONCLUSIONS 

1. The reactions provoked by silver and by tantalum x-ilibon -when 
implanted in the brains and meninges of eats for periods of time 
varjing from 10 to 148 days are reported. 

2. The silver clip provokes an intense inflammatory reaction in both 
nervous tissue and meninges, leading eventually to dense encapsulation. 

3. The reaction to tantalum consists of a minimal investment by 
connective tissue and/or neuroglia fibrils. The characteristic foreign 
body reaction is not found. 

4. The conclusion drawn from this evidence is that the tantalum 
clip should replace the silver clip for hemostasis in neurosurgical pro- 
cedures. This is particularly time in eases where irritation leading to 
focal epilep.sy may be feared as a late comixlication of operation. 

The tantalum ribbon used In these experiments was supplied through the courtesy 
of the Fansteel Metallurgical Corporation of N'ortii Cliicago, HI. 
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SURGERY 


T lic’.sc celLs eventually formed a thick sheath of collagenous connective 
tissue arouiul tlic metal. T!ie.se jiroximal and distal zones of reaction 
ai'C evident in Fig, 4, A. In this instance the inflammatory cells have 
extended into tlie Icptomeninges of an adjacent sulcus, 

E.xamination of the brain bordering the tantalum tract disclosed but 
slight reaction to this metal, ilobilization of inflammatory cells and 
the proliferation of fibroi)lasls and vc.s.sels were minimal. At the end 
of 148 days the strip was invc.stcd in a tliin collagen sheath bordered by 
a narrow zone of astrocytic jiroliferation and hypertrophy. In a few < 
instances compound granular corpu.selcs filled with blood pigment were 
noted in the tract. Tlie presence of these cells was undoubtedly the 
resiih of bomori'hage concurrent with i 2 isei'tion of the strips. In one 
exx^eriment, where the striji lay jjarfly within a sulcus, the meningeal 
component of the tract consisted of a nari'ow, collagenous band while 
the cerebral component was the usual neuroglial brushwork. The 
characteristic reaction to tantalum is shown in Pig. 4, B. 



Fig. iB. 


section of tract (T) occupied by tantalum for thirty days; note the 
slight marginal gliosis and the lack of inflammatory reaction. 


D1SCU.SSI0N 

These findings offer additional evidence that bantalnm does not irri- 
In all of the c.xperiments the reaction to the metal, when 
tate meninges or nervous tissue, was a minimal cn- 

in eon ac cnj-oPlasts and/or neuroglia fibrils, depending on the lo- 
capsuiation . has invariably provoked an intense inflam- 

cation. In con ultimately to investment in dense collagenous 

matory reaction, ‘ ^Paracter of this tissue reaction to silver is not 
connective , , j,,3seess fonnafion. 

tinlike that ot ccic • reaction to silver, we arc convinced 

In view of the m en. . -aetal bv lanfsibim is a considerable 
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ulceration is still unestablished. However, it poses as an interesting 
speculative problem. We have previously expressed the belief that all 
patients with gastroduodenal ulceration ai’e potential candidates for 
perforation but only those ulcers perforate which are exposed to cer- 
tain precipitating “perforative” factors. These consist essentially of 
trauma, infection, and a local lack of tissue resistance. 

There are still other interesting, controversial, and incompletely un- 
derstood problems in the pathology, bacteriology, clinical manifesta- 
tions, and diagnosis of perforated gasti’oduodenal ulceration but their 
consideration here would be inopportune and inexpedient. More per- 
tinent are the prognostic and therapeutic considerations. Thus, al- 
though the mortality in this condition has steadily decreased during 
the first three decades of the present eentui’y, it has diminished almost 
insignificantly during the last decade. This poor reflection of consid- 
ered improvement in diagnostic methods, preoperative and postopei'a- 
tive therapy, anesthesia, and surgical technique clearly emphasizes the 
necessity for a more intensive consideration of this subject. 

There are a number of prognostically influential factors in this com- 
plication. Among the most important of these are sex, age, location 
of the lesion, time elapsing between perforation and treatment, type of 
anesthetic employed, and development of complications. It is an inter- 
esting and unsatisfactorily explained fact that the mortality in females 
is almost twice that in males. More readily e.xplicable is the signifi- 
eanee of the age factor, which is shown by the fact that in patients 
under 40 years of age the mortality is less than 20 per cent, whereas 
in those over 40 years there is a commensurate increase in mortality 
from 30 to 50 per cent. The prognostic significance of the site of per- 
foration is demonstrated by the fact that the mortality is from 10 to 
15 per cent greater in gastric than in duodenal perforations. This has 
been explained on the basis that the former are more liable to occur 
in older patients and are more liable to be associated with greater 
spillage of intragastric contents into the peritoneal cavity. It has long 
l)een common knowledge that the mortality in perforated ulcer is 
almost directly proportional to the time elapsing between the perfora- 
tion and the operation, that is, the longer this period the greater the 
mortality. This is clearly demonstrated by the fact that in an analysis 
of more than 7,000 cases, the mortality in those ti-eated during the first 
six postpcrforative hours was about 10 per cent, whereas in the second 
six-hour period the mortality doubled, in the third quadrupled, and in 
the fouj-th had increased sixfold. Although the importance of anes- 
thesia is somewhat controversial, the majority of recent observers 
consider spinal analgesia the mo.st desirable. The fact that the mor- 
tality following spinal analge.sia was approximately one-half that fol- 
lowing: general anesthesia in a large collected series clearly emphasised 
its signifieanee. Wc have previously expres.sed the opinion that the 
former is preferable beenuse complete relaxation is obtained, permit- 
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Acute Perforated Gastroduodenal Ulceration 


r^ROBABLY the most frequent and the most serious complication of 
gastroduodenal ulceration is acute perforation. On the basis of 
large statistical studies it has been estimated that from 10 to 15 per 
cent of all “peptic” ulcers pei'forate and that from 20 to 25 per cent 
of all patients with perforated ulcer die. Even more significant is the 
fact that this complication is apparently increasing. Moreover, it 
would not be hazai'dous to predict that Avith the present Avide-flung 
conflict there Avill be an even greater increase in the incidence of acute 
perforation. The cause of this increase has not been explained satis- 
factorily but a number of psychic and physical factors are believed to 
be contributory. Included among these are economic strain, poor 
nutrition, accelerated mental and physical actiAUties, excessive smok- 
ing and imbibition of alcoholic bcA’-erages, and, particularly in soldiers, 
nostalgia, mental depi-ession, and other emotional stresses. Accord- 
ingly, if these factors play significant roles in the dcA^elopment of gas- 
troduodenal ulceration, and there is good reason to belicA'e that they 
do, euiTent military operations on such a prodigious scale aaoII un- 
doubtedly be associated Avith an even greater increase in the incidence 
of this serious complication. 

There are a number of other interesting features of acute gastro- 


duodenal perforation that are not thoroughly understood. Thus, it has 
Ion" been knoAvn that from 90 to 95 per cent of these complications 
occur in males, and almost three-fourths of the patients are betAvcen 
the axes of tAventy and fifty yeai-s. The possibility of a “protcetiA-e” 
or hormonal factor obviously suggests itself as an explanation for the 
sexual predominance but in spite of isolated studies this remains in the 
intrimiing speculative phase. Similarly, the relative immunity in in- 
dividuals AAirder tAventy years of age remains eon.ieetural. Y'hereas 
e significance has been attributed to a racial factor, careful observ- 
Am shoAvn that this condition occurs with almost equal frequency 
ers ASA . -NTgo-roid, and Asiatic races. Similarly, the existence 

ot a sec perforated XAlcer also is not clear. Whereas it is com- 

of occupation tensioned, energetic execulive is the most 

monly belieAec "complication, extensive statistical analyse.s 

liable Candida e jjj|,(„.jng cla.s.scs comprise the largest number, 

have shoAA'n t a ^ pestion is: Why do ulcers perforate? This is 

Another intrignuig fi because the etiology of gastroduodenal 

obriomly diBwIl to O'to' ,,, 
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IXTRODL'CTIOX 

'"I "‘HE coiisidei'ation of tlie pla.snia protlironibin in modern surgery 
* had its inception approximately ten yeai-s ago when Lewisohn,’ 
while studying the clotting mechanism in the hemorrhagic tendenej' 
associated with jaundice, found that the level of plasma prothrombin 
was reduced. However, the direct connection between lowered levels 
of plasma prothromljin and the hemorrhagic tendency associated with 
jaundice was not appreciated until 1935, when Quick, Stanley-Brown, 
and Bancroft® observed a definite relationship between the occurrence 
of hemori'hage and lowered levels of plasma prothrombin as indicated 
by a satisfaetorj" test devised by Quick.®' ■* The use of this test and 
others, in particular the titration method of lYarner, Brinkhous and 
Smith,® has added much to our knowledge of the physiology of plasma 
prothrombin, including the establishment of the site of its formation 
and loss, its fluctuations in a variety of physiologic and pathologic- 
states, and its relation to vitamin K. 

It was early established that the liver is intimately related to plasma 
prothrombin, and as fui-ther infoi-mation accumulated various work- 
ers have utilized the level of activity of this substance as a measure of 
hepatic function. 

XATURE OF FL,VSJtA FROTHROMBIX 

A. Chimical Studies. — Brinklious* recently described the following 
characteri.stics of plasma prothrombin. It is associated with the pseudo- ^ 
globulin fraction of the plasma protein, is salted out of plasma between 
one-third and one-haH saturation with ammonium sulphate and at pH 
5.3 is largely precipitated from diluted plasma. Prothrombin is also 
precipitated by adding acetone to plasma and is nondialyzable through 
collodion and cellophane. It is adsorbed on a number of colloidal prepa- 
rations, including calcium pliosphatc, magnesium hydroxide, aluminum 

Foumlallon"'’-'' R. Itarklo 
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ting better exposure and less manipulative ti’aiima, and because fbe 
toxicity of tlie latter is an additional burden upon the liver. 

Although all arc agreed that the treatineiit of acute perforated gas- 
troduodenal ulceration is surgical, there is considerable controversy 
regarding the procedure of choice; the majority of American and English 
surgeons favor the more conservative procedure of simple closure and 
the continental European surgeons warmly advocate the more radical 
procedure of partial gastrectomy. Between these two extremes He the 
advocates of closure plus gastroenterostomy and excision plus closure 
or pyloroplasty. The attempt to determine the superiority of these 
respective procedures bj' the comparative mortality rates is fallacious 
because numerous other factors such as those already mentioned, as 
well as the jjersonal equation of the skill and experience of the surgeon, 
influence the mortality. Indeed, such a statistical study revealed that 
the mortality following the more conservative procedure of simple 
closure was not onl 3 ' the highest but tudee as great as that following 
the more radical procedure of gastrectom 3 ^ This obvious discrepancy 
with well-established surgical principles clearly empha.si 2 es the impor- 
tance of other factoi’s. That the various procedures advoc.ited have 
their respective advantages, disadvantages, and indications is readily 
admitted and has been coraprehensivelj’’ re^dewed in a previous pub- 
lication. However, on the basis of surgical rationale, it is our firm 
conviction that the procedure of choice in the majority of cases is the 
one which etfeets most expeditiously adequate repair of the defect. 
Aceordingl 3 % the procedure of simple closure is considered the most 
desirable. Beiiiforcement with an omental graft is of additional value. 

Of interest in this connection and for the sake of recorded accuracy 
it should be realized that the use of an omental plug was suggested in 
1896 by Bennett. The jjroecdure of added gastroenterostomy in the 
majoidt.y of cases is considered not onl.v unnecessar.v and “meddlesome” 
surgery but also hazardous because of the subsequent development of 
an anastomotic jejunal ulcer. IVhereas the reported incidence of this 
serious complication varies from less than 5 to over 50 per cent, do- 
nendiim upon the care and thoroughness of the follow-up studies, we 
convinced that it occurs with sulifieient frequenc.y and a.ssociated 
oer to justif}'' its condemnation. In fact, its one occasional justifi- 
cation^ pyloric constriction, may be combated better by some form of 

pyloroplast5^ 


Michael DcBahcg, M.D. 
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INTRODUCTION 

'T’HE eoiisideration of tlie plasma prothrombin in modern surgery 
had its inception approximately ten years ago when Lewisohn,* 
while studying the clotting mechanism in the hemorrhagic tendenc}' 
associated irith jaundice, found that the level of plasma prothrombin 
Was reduced. However, the direct connection between lowered levels 
of plasma prothrombin and the hemorrhagic tendency associated with 
jaundice was not appreciated until 1935, when Quick, Stanley-Brown, 
and Bancroft^ observed a definite relationship betiveen the occurrence 
of hemorrhage and loivercd levels of plasma prothrombin as indicated 
by a satisfactory test devised by Quick.^’ * The use of this test and 
others, in particular the titration method of Warner, Brinkhous and 
Smith,® has added much to our Icnowledge of the phj’siology of plasma 
prothrombin, including the establishment of the site of its formation 
and loss, its fluctuations in a variety of physiologic and pathologic 
states, and its relation to vitamin K. 

It Was early establi.shed that the liver is intimatel.v related to plasma 
prothrombin, and as further infomation accumulated various work- 
ers have utilized the level of activity of this substance as a measure of 
hepatic function. 

NATURE OF PLASMA PROTHROMBIN 

A. Chemical Studies. — Brinkhous® recently described the following 
cliaracteristies of pla.sma prothrombin. It is associated with the pseudo- 
globulin fraction of the plasma pi-otein, is salted out of jilasma between 
one-third and one-half saturation -with ammonium sulpliate and at pH 
5.3 is largely precipitated from diluted plasma. Pi’othrombin is also 
precipitated by adding acetone to plasma and is nondialyzable through 
collodion and cellophane. It is adsorbed on a number of colloidal prepa- 
lations , including caleium phosphate, magnesium hydi'oxide, aluminum 

Fou^datI(fn^^^ carried out under a grant from the Jolin and Mar>' R. Markle 
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hydroxide, olid eolloidiil .slareli, as well as by passing plasma tiirough a 
Scilz filter. It is tlicrinolabile, being destroyed by beating plasma for 
one-lialf hour at 5G° C. Prc.servalion of plasma at room temperature 
leads to fairly laijiid disintegi-ation of protlii'omliin, whereas plasma in 
the Irozen .state maintains its proflirombin activity for weeks. Bio- 
logically potent but chemically crude preparations of prothrombin have 
been jn'ciiarcd by klellanby," and by Secgers, Smith, Warner, and 
Brinkhous," by jirecipifation from dilute plasma at pH 5.3 and adsorp- 
tion on magnesium hydroxide. It is then separated from the adsorbing 
agent by carbon dioxide and dialyzed against water to remove a num- 
ber of insoluble impurities. After evaporation the re.sultant dry powder 
is waiter soluble, and contains approximately 150 units of prothrombin 
per milligram. Brinkhous adds that a more recent preparation of 
prollii'omhin liy modification of tiie above method has yielded a snh- 
stance having a potency of 500 units per mgm. 

B. Biologic Actirifiy.— Although the exact chemical nature of pro- 
Ihrojubin remains an unsolved mystery, its biologic activity has ))een 
established during the past seven years, as involved in the clotting 
moebanism as follow's: 


1. Prothrombin + calcium + thromboplastin thrombin 

2. Thrombin + fibrinogen fibrin (clot) 

Eagle® concludes that calcium and thromboplastin are catalysts w'hich 
speed the conversion of the prothrombin to tlirombin and that thrombin 
is likewise a catalytic agent which activates the transformation of 
fibrinogen to fibrin reaction. In Eagle’s studies on snake venom and 
various enzymes such as trypsin, the basic two stages could be carried 
out without calcium and thromboplastin in the fii-st process and throm- 
bin in the second process. However, Mortz, Seegers, and Smith'" be- 
lieve that thromboplastin is not an enzyme but rather that it takes part 
n\ the reaction and therefore sugge.st that the first stage is a direct 
chemical interaction in wJiieii both thromboplastin and prothromliin arc 

consumed^ /or Blosma Prothrombin.~T&\s for plasma prothrombin 

1 oenv Us canaeitv to form thrombin and its activity is a.ssumed 
merely assay na j 

to parallel the amount present. 


is a onc-sfage technique for measuring the clotting 
plasma after the addition of an cxeo.ss of lliromho- 
time of oxa a ^ optimal amount of calcium. The a.s.simipt!on.s 
plastin an a f5pi.jaogen is normal and that the clotting time whieli 
are made tia ' amount of prothrombin present. Acinally, two 
ensues represen .s convension of prothrombin 

temimral components ^ thrombin to net on the fibi-inogcn. 

to thrombin, Smith-' te.s1, on the other band, is a 

The Warner, BriHv ‘’p™ {qv the con version of the proliirombin 
two-stage teehniqne which a 
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to thrombin and then with a fixed amount of filirinogen, calcium, and 
thromboplastin the time required for the clot to occur is determined. 
The amount of thrombin formed is equivalent to the quantity of pro- 
thrombin present and the solution is diluted so that when the second 
stage is carried out a clot will form in fifteen seconds. A unit of 
thrombin is defined as the quantity which, under standard conditions, 
will cause clotting of 1 c.c. of a fibrinogen solution in fifteen seconds. 
One unit of prothrombin is the amount required to form one unit of 
thrombin. By this test, human plasma contains approximately 300 
units of prothrombin per c.c. 

Allen, Julian, and Dragstedt” described a modification of the Quick 
test which is more sensitive in the detection of hypoprothrombinemie 
states and more accurately depicts the resjionse in the plasma pro- 
thrombin to therapy with vitamin K. Their modification consists in the 
serial dilution of the plasma, to concentrations ranging from fifty to 
five per cent of the original undiluted plasma. The authoi's used 
thromboplastin made from lung extract, and normal human plasma as 
a control with each group of unknowns. 

More recently Zitfren, Owen, Hoffman, and Smitli’^ de.scribed a so- 
called “bedside test” for prothrombin activity in wliich fre.sldy drawn 
whole blood is mixed with a fixed amount of thromboplastin and the 
clotting time determined. All patients arc checked with a control and 
the result is expressed in per cent of noimial. The authors have found 
that for practical purposes there is a fairly close parallel between the 
level of plasma prothrombin as determined by the “bedside test” and 
the two-stage titration technique. 

Kato*^ in 1940 described a microprothrombin test which is a modifica- 
tion of Quick’s test and in which oxalated whole capillary blood is used 
instead of larger amounts of venous plasma. It requires only 10 c.mm. 
of whole blood, and hence has great applicability in studies of plasma 
protlu’ombin in infants. 

Ferguson, Caldcr, and Reinhold” compared Quick's test with the 
serum volume tc.st of Boyce and McFetridge”' and with the bleeding 
time of Ivy” on a group of patients and found that the latter two tests 
used in conjunction never failed to detect a potential or actual bleeder 
due to [irothrombin deficiency. 

SOURCE or PI..\SSIA PROTHROMBIN 

A. Esprrimcntril Studies . — Earlier spceulation had suggested the 
l)one marrow as the source of plasma prothrombin.'' Barnes,” how- 
ever, demonsti'ated in laboratory animals {mouse, rat, rabbit, and dog) 
tbiit dcjircssion of the bone marrow by large doses of roentgen raws in 
acute experiments, as mcII as by protracted courses of small doses of 
x-ray. had no effect on the level of the plasma prothrombin. The true 
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site of ils formation was indicated by Smitii, Warner, and Brinkhous’" 
who, using cldoi'oform as Die hepatotoxin, observed a precipitous fall in 
plasma pi’othi’ombin to less than 10 per cent within twenty-four hours, 
and a return to normal only after six days had elapsed. Quick* made 
similar observations on the dog, with chlorofown anesthesia. 

Warner, after removing approximatelj’' 65 per cent of the liver of 
the rat, demonstrated a fall in plasma prothrombin which returned to 
normal in about two and one-half weeks. Andrus, Lord, and Moore,-' 
and Warren and Ehoads-- independently performed total hepatectomy 
in dogs and found that the plasma prothi'ombm fell progressively to 
lower levels. The former workers also demonstrated that the administra- 
tion of vitamin K in large amounts failed to alter this rate of tall, in- 
dicating that the liver is the chief, if indeed it is not the sole site of 
prothrombin formation. Eecently, Brinkhous and Warner^^ found 
that the plasma prothi’ombin depressed by chloroform poisoning failed 
to respond to vitamin K therapy. 

Bollman, Butt, and SnelP* produced chronic hepatic injury in the 
X'at with carbon tetrachloride vapor and were able to demonstrate de- 
pression of the plasma pi'othrombin level and tnilnre of vitamin K to 
influence it. These authors also observed that a high carbohydrate diet 
delayed the onset of hepatic damage and prolonged the lives of the an- 
imals by as much as 50 per cent. 

B. Clinical Studios . — Many observers during the past four years have 
stressed the fact that in the presence of hepatic disease the plasma pro- 
'' thrombin not only is depressed but also fails to respond adequately to 
vitamin K therapy. Quick,* Butt, Snell, and Osterberg,=* Brinldxous, 
Smith and Warner, Stewart and Rourke,''' Rhoads, Lucia and 
Aggeler,-® Pohle and Stewart,^® Allen and Julian,^' axid Andrus and 
Lord®- reported cases in Avlueh poor response was obtained and at- 
tributed this to liver damage. 

Although there is some variation in the above authors’ opinions as to 
the exact types of hepatic disease in which the plasma prothrombin fails 
to respond to the administration of vitamin K, there is general agrec- 
° t that vitamin K therapy is adversely influenced by the presence 
tie damage and that improvement in hepatic function is usually 
IssocTated with a" rise in the plasma prothrombin. 

0ESTRUCTIOK OF Fn-»S.AtA PKOTriROJICIN 

■1 and ICaucr” have pointed out that plasma prothrom- 
Andrus, lost from the blood as it circulates through the 

bin is being c twenty experiments the protlirombin activit 3 ' was 

lungs. In a senes of the left ventricle than in that from the 

found to be less m yjiis difference averaged 10.6 per cent 

right ventricle m s instance wa.s tiic level in the 

and ranged from 4 o 
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right ventricle lower than that in the left. In samples of blood taken 
from the arterial and venous supplj’’ of the head, liver, spleen, intestine, 
kidneys, and lower limbs no significant difference in plasma prothrombin 
levels was found. A possible explanation of this role of the lung in the 
loss of plasma prothrombin was thought to be the production of blood 
platelets in this organ. Platelets, as they undergo disintegration, initi- 
ate the first stage of tlie clotting process by releasing thromboplastin, 
which, in the presence of calcium, changes prothrombin to thrombin. 

Tlie importance of the above finding is to substantiate further the 
fact that plasma prothrombin is biologically a highly labile substance 
and any injury to the liver, its source, is followed by a fall in the amount 
in circulation in a very short period of time. 

TESTS OF LIVER FUNCTION 

A. Plasma Prothrombin as an Index of Hepatic Function . — The vital 
role plaj’ed bj' the liver in tlie formation of prothrombin and the rapidity 
with which the level of this substance falls after experimental liver in- 
jury or hepatectomy suggest the possibility of folloudng the level of the 
plasma prothrombin as an index of liver function. Pohle and Stewart^” 
in 1940, were the first to publisli a report of clinical experience with such 
a test, suggesting specifieallj' that the response of a depressed plasma 
prothrombin level as measured b 3 ' the Quick test, to vitamin K and bile 
salts administered by mouth, might be a satisfactory means of indicating 
liver function. In their series of 46 jaundiced patients with reduced 
pla.sma prothrombin, 28 showed a satisfactory response, while in IS 
there was no improvement. "Wilson (34) also suggested that the level 
of the plasma prothrombin might be considered as an index of hepatic 
function, and in a series of 36 patients found a close correlation be- 
tween the level per sc and the results of hippuric acid tests. 

The use of the level of the plasma prothrombin alone as a measure 
of liver function is open to serious objection, however, since it maj* be 
depressed b.v dietaiy or other faetoi-s in the absence of liver damage. 

Since October, 1939, we have studied the application of the level of 
jilasma prothrombin and its response to intramuscular 2-methj'l-l, 
4-naphthoquinonc as a measure of liver function in some eightj'-six cases, 
and within certain restrictions find it perhaps the most accurate method 
available. Wo prefer the pai’entcral route, intramuscular in all our 
own cases, for the reason that we have encountered at least two other- 
wise normal individuals in whom, despite the presence of bile in the 
intestine and apparentlj- normal liver function bj- several tests, the 
]>la.sma prothrombin was depressed to about 60 per cent of normal and 
could not be elevated by vitamin K administered bj' mouth with or with- 
out bile salts. Intramuscular injection was followed b.v a prompt eleva- 
tion to normal. This we can only explain by postulating a defective 
absorption from the intestinal tract. 
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AVe Ihereioi'c Jiavc adopted the thesis, Avhicli is Avell borne out by 
clinical data to be presented below, that the level of the plasma pro- 
thrombin if below 80 per cent in a given case, is an index of the per- 
lorinance of the liver, while the response to 2 mg. of 2-metliyM, 
■1-naphthoqninone administered intramn.sciilarl.v indicates whether any 
depression of this function is or is not due to organic liver disease. 

B. Comparison of I'ests for Hepatic Fvnetion . — ^During the past four 
years a large number of te.sts of hepatic function have been studied by 
a variety of workei's and as a result have attained a useful place in the 
study of patients. The hippnric acid test, the galactose tolerance, 
bromsulphalein excretion, and Hanger's cephalin-cholesterol floccula- 
tion tests seem to be the outstanding ones in use at present. 

The liippuric acid excretion test has been found of value in the pre- 
operative evaluation of the surgical patient by Boyce and McFetridge,^^ 
and the.y have made use of the test in hj'pei'thyroidism as have Bartels®® 
and Haines, Itlagath and Power.®’ The consensus of opinion is that 
while the test cannot supplant clinical judgment in estimating the dan- 
ger of thyroidectomy to the patient or in indicating the length of time 
preoperative preparation should be continued, it does emphasize that 
the liver is intimately concerned in the metabolic derangement of the 
patient with hj^perthyroidism and may be involved in the production 
of the symptom of postoperative thyroid crisis. 

Quick®' advocates the hippnric acid test as a useful means of dif- 
ferentiating intrahepatic and extrahepatic jaundice, but Snell and 
Plunkett" concluded that the test was of less aid in the differentiation 
of the two types of jaundice, although they did consider it more satis- 
factory than the galactose tolerance and bromsulphalein excretion tests 
in the* estimation of the degree of hepatic damage. 

Durino" the past two yeai-s several reports have been made on the 
comparison of the plasma prothi-ombin and the other liver function 
tests mentioned above, with the exception of the cephalin-cholesterol 


eculation test. 

Wilson'''’ found in nonjaundiced patients with a wide variety of dis- 
of the liver, a close eori-elation between tfic level of the plasma 
• mbin as measured by the two-stage titration test of Mhirner, 
^ 1 ^ 1 °" and Smith® and tlie hippnric acid test described by Quick.'’® 
onkmus, c AggeleP" concluded that there was no 

rrehtion between the two tests although they felt that the 
ginfican co ‘ prothrombin to vitamin K reflects the stale of 

sponsc 01 of diseases of the liver and bilimy tract. These 

le liver m a 'conclusions from prothrombin determinations by 

orkers di'C" as Wilson'"’ pointed out, the margin of error 

metbod of ’pjcv too large for such exact estimations. We agree 
ti the Qaiek test is ra i response of the plasma prothromhin to 
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vitamin K therapy is a better measure of liver function than the level 
of the prothrombin because of the relative frequency of conditions such 
iis sprue, ulcerative colitis, etc., in which hepatic function is normal but 
the absorption of the vitamin is defective. We also agree with Wilson 
that the two-stage prothrombin test is essential in the exact determina- 
tion of hepatic function and comparison with other tests. Kark, White, 
Souter, and Deutsch,''^ using the Quick test for plasma prothrombin, 
found no significant correlation between the hippuric acid test and the 
response of the plasma prothrombin to sj'nthetie vitamin Iv analogues. 
DeLor and Eeinhart,''^ comparing the plasma prothrombin as determined 
by the Quick test, bromsulphalein excretion, galactose tolerance, and 
hippuric acid tests, concluded that the bromsulphalein test is the most 
sensitive one of their series for the identification of early liver damage, 
and consider the galactose tolerance test the least reliable of the group. 
In all cases in which the hippuric acid excretion was below 2.0 6m., 
the plasma pi’othrombin was reduced, while in the group whose excretion 
of hippuric acid was between 2.0 and 3.0 Gm., the plasma prothrombin 
was normal in 87 per cent of the cases. 

Andrus and Lord^^ have employed the response of plasma prothrombin 
to intramuscular injection of menadione (2-methyl-l, 4-naphthoquinone) 
as determined by the Warner, Brinkhous, and Smith test as a measure 
of hepatic function and have eompai’ed the test with the galactose tol- 
erance, hippuric acid, and bromsulphalein clearance tests in three groups 
of selected patients. In a group of seven patients with Laennec’s type 
of cirrhosis of the liver the plasma prothrombin failed to rise by more 
than 6 per cent after the intramuscular injection of 2 mg. of menadione. 
This failure to respond, we feel, indicates intrahepatic disease of a sig- 
nificant degree, but prognosis is only possible when the test is employed 
on several occasions and the trend observed. The galactose tolerance 
test was used in six of tlie seven patients with cirrhosis of the liver and 
results were abnormal in only four. The hippuric acid test was less ac- 
curate than tlie galactose tolerance test, being below 100 per cent 
(3 Gm.) in only two out of five of the ea.ses. The bromsulphalein test 
stood last in point of accuracy with three normal results in tlu-ee cases 
of cirrhosis. 

In a group of nine eases of catarrhal jaundice the plasma prothrombin 
test showed impaired hepatic function in seven instances and in general 
paralleled the severity of the di.sca.se. The galactose tolerance test was 
etiually accurate in this group, showing greater than 3 Gm. excreted in 
seven out of nine patients. The results in the hippuric acid test were 
abnoi'inal in three out of seven cases, while those in the bromsulphalein 
te.st were abnormal in only two out of five instances. Inferestin^lv the 
bromsulphalein test gave abnormal results (10 ]mr cent retained) in one 
case of catarrhal jaundice jn-oved at operation, in which the results of 
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We Ihci'cforc liave adopted the thesis, which is well borne out by 
clinical data to be presented below, that the level of the plasma pro- 
thrombin if below SO per cent in a given case, is an index of the per- 
formance of the liver, while tlie response to 2 mg. of 2-meth3'l-l, 
4 -naplilhoqninone administered intramuseularl.y indicates whether any 
depression of this function is or is not due to organic liver disease. 

B. Comparison of Tests for Hepatic Function . — ^During the past four 
.vears a large number of tests of hepatic function liave been studied b.v 
a variety' of workers and as a result have attained a useful place in tlie 
stnd.v of patients. The hippurie acid test, the galactose tolerance, 
bromsulplialein excretion, and Hanger’s cephalin-cholesterol floccula- 
tion tests seem to be the outstanding ones in use at pz’esent. 

The hippurie acid excretion test has been found of value in the pre- 
operatiYe evaluation of the sui'gieal patiezit by Boyce and SfePetridge,®^ 
and thej^ have made use of the test in hj'pei'th.yi'oidism as have Bartels*® 
and Haines, Magath and Power.*' The consensus of opinion is that 
while the test cannot supplant clinical judgmezit in estimating the dan- 
ger of thju’oidectom.y to the patient or in indicating the length of time 
preoperative preparation should be continued, it does emphasize that 
the liver is intimatelj" concerned in the metabolic derangement of the 
patient with hyperthyroidism and may be involved in the production 
of the s3’mptom of postoperative th.yi‘oid crisis. 

Quick*® advocates the hippurie acid test as a useful means of dif- 
ferentiating intrahepatie and extrahepatic jaundice, but Snell and 
Plunkett®® eoneluded that the test was of less aid in the diffez’entiation 
of the two types of jaundice, although the.y did consider it more satis- 
factory than the galactose tolerance and bromsulplialein excretion tests 
in the* estimation of the degree of hepatic damage. 

Durin" the past two yeai-s several reports have been made on tlie 
comparison of the plasma prothrombin and the other liver function 
tests mentioned above, with the exception of the cephalin-cholcstcrol 


cculatiou.test. 

Wilson'"’ found in nonjaiindiced patients witJi a wide variety of dis- 
f the liver,' a close correlation between the level of the plasma 
°mbin as measured In' the two-.stage titration test of Warner, 
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I'lnlnou , Aggclcr*'’ concluded that there wa.s no 
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plasma protlu’ombin with galactose tolerance and bromsulphalein clear- 
ance tests is of interest. They found that the plasma prothrombin fell 
to 28 per cent of normal in twenty-four hours after the injection of 
0.-12 e.c. per kilogram of chloroform, while the galactose tolei'ance test 
remained normal (less than 3.0 6m. excreted). When 0.24 c.c. per 
kilogram of chloroform was injected, the plasma prothrombin fell to 
le.ss than 3 per cent of normal, while the galactose tolerance test showed 
an e.xcretion of only 3.6 Om. in the urine. The bromsulphalein test 
witli 0.03 e.c. per kilogram siiowed an average retention of 2 per cent in 
30 minutes (up to 10 per cent retention is considered to be normal), 
while the plasma prothrombin fell to an average of 67 per cent. When 
0.12 c.e. per kilogram of chloroform was lised, the bromsulphalein showed 
a retention of 25 per cent, while the plasma prothrombin fell to 6 per 
cent. 

It is evident froni the above findings that the plasma prothrombin is 
a far more sensitive index of liver damage in chloroform intoxication 
than is the bromsulphalein cleai'anee test, and that the latter is consider- 
ably more sensitive than the galactose tolerance test. 

RELATION' OF FLAS-MA PROTHROMBIN’ TO SURGIC.VL DISEASE 

As a working hypothesis to be applied in any specific instance, we may 
look upon the vitamin K-plasma prothrombin relationship in the follow- 
ing way. Into the final formation of plasma prothrombin tliere entens 
an extrinsic factor, vitamin K; an intrinsic factor, bile salts; an ab- 
■sorptive mechanism, the intestinal epithelium ; and the liver, which not 
only stores vitamin K but from it elaborates prothrombin. 

Any derangement of function or lack of suppl.)' of any of the above 
factors mar lead .singly or in combination to lowered levels of plasma 
proflu'ombin, and hence to the hemoi-rhagic tendency now known to be 
a.ssociated with a wide range of patliologic states. 

A. Obsirnctivc Janndice.~ln this condition, whether it he due to 
carcinoma of t)ie head of the pancreas, stone in the common duct, or 
some other pathologic abnormality blocking the biliary pathways, the 
bile is prevented from reaching tlie intestinal tract, with the result that 
the absorption of all fat-soluble vitamins, of ivliieh Iv is one, is inter- 
fered ivith. As this continues, the level of the hepatic store of the 
vitamin falls, and there is a concomitant fall in the plasma prothrombin. 
Lord, Andrus, and Moore’’ deinon.sti'ated In- the curative method of 
a.ssay on chickens that the liver of dogs made vitamin K deficient by 
c.xelusion of bile from the into.stinal tract (obstructive jaundice or 
biliary fistula) contains progressively less vitamin Iv, and that the level 
of the plasma prothrombin beans a linear rclatiomship to the quantilv 
of the vitamin in the liver. In addition, if the ohstriiction continues 
unahalcd, morphologic changes in the lir’cr occur whicli arc characterized 
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plasma prothrombin with galactose tolerance and bromsulphalein clear- 
ance tests is of interest. They found that the plasma prothrombin fell 
to 28 per cent of normal in twenty-four hours after the injection of 
0.12 c.e. per kilogram of chloroform, while the galactose tolerance test 
remained normal (less than 3.0 Gm. excreted). When 0.24 c.c. per 
kilogram of chloroform was injected, the plasma prothrombin fell to 
less than 3 per cent of normal, while the galactose tolerance test showed 
an excretion of only 3.6 Gm. in the urine. The bromsulphalein test 
with 0.03 c.c, per kilogram showed an average retention of 2 per cent in 
30 minutes (up to 10 per cent retention is considered to be normal), 
while the plasma prothrombin fell to an average of 67 per cent. When 
0.12 c.c. per kilogram of chloroform was used, the bromsulphalein showed 
a retention of 25 per cent, while the plasma prothrombin fell to 6 per 
cent. 

It is evident from the above findings that the plasma prothrombin is 
a far more sensitive index of liver damage in chloroform intoxication 
than is the bromsulphalein clearance test, and that the latter is consider- 
ably more sensitive than the galactose tolerance test, 

RELATIOX OP PLASJIA PROTHROJIBIX TO SURGICAL DISEASE 

As a working hypothesis to be applied in any specific instance, we may 
look upon the vitamin K-plasma protlu’ombin relationship in the follow- 
ing Avay. Into the final formation of plasma prothrombin there enters 
an extrinsic factor, vitamin K; an intrinsic factor, bile salts; an ab- 
•sorptive mechanism, tlie intestinal epithelium ; and the liver, wdiich not 
only stores vitamin K but from it elaborates prothrombin. 

Any derangement of function or lack of supply of any of the above 
factors may lead singly or in combination to lowered levels of plasma 
prothrombin, and hence to the hemorrhagic tendenc}' now knowm to be 
associated with a ivide range of pathologic states. 

A. Ohsiructivc Jaundice . — In this condition, Avhether it be due to 
carcinoma of the head of the pancreas, stone in the common duct, or 
some other pathologic abnormality blocking the biliary pathways, the 
bile is prevented from reaching the intestinal tract, ivith the result that 
the absorption of all fat-soluble vitamins, of which K is one, is inter- 
fered with. As this continues, the level of the hepatic store of the 
vitamin falls, and there is a concomitant fall in the plasma prothrombin, 
bord, Andrus, and Sloore^^ demonstrated by tlic curative method of 
a.ssay on chickens that the liver of dogs made vitamin K deficient by 
exclusion of bile from the intestinal tract (obstructive jaundice or 
biliary fistula) contains progi'cssivcly lo.ss vitamin K, and that the level 
of the jilasma prothi'ombin Ileal's a linear relationship to the quant if v 
of the vitamin in the liver. In addition, if the obstruction continues 
unabated, morphologic changes in the liver occur Avhich are characterized 
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or metindioiic iiitnuiuisiMilarly or iiilr;t\'eiioiisIy arc no! adiiiinistcrw!. 
and ii tile disease prou'ressi-s uitlioid retief to .such an extent that tlie 
licpntie daniaee is too severe. In tin- fornier casi* llierapciitie nH‘a.siir(‘S 
arc cfieciive, alicreas in tlic latter ail efi'ort.s to promote the formation 
of protltro!iil>in may lie in vain. 

Itetore tlie advent of vitamin K. liemorrliau'e mas the cause of death 
in approximately olJ per cent of lim eases of olistriielive jaundice in 
uliieli {lafieiits flied following stireiea! intervention. Jii eonlrast to the 
above tindinv's, since the use of vitamin J\ Ibere bas been not a .single 
ileatb due to liemorriiairie tendein-y in jiatieiil.s uilli oiislnietivo jauiuliee 
of e.xtraliepalii' ori!>in on the siinjical .service of the Xenv York Ilosjiital. 


It has been [lojtited out repeatedly in elinieal studies tlial the liomor- 
rbairic leinleney more often becomes manifest in the iiostojierative period 
tban at any otlu-r time, Stewart. Honrke, and Alleid^ found that the 
jilasma prutbrombin fell l.'> to lio per cent dnrin.ir Ibe inimedialc post- 
ci[)erative pma’od in a y'roiifi of four patients subjected to opcrittioii upon 
tlie biliary tract, whereas the fall in the .irroiij) of five patients without 
biliary tract disease was ob.served on onl.\’ one ease and anumnted to 
only lii per rent. We"’ have eoiifinned the normal prothrombin levels 
in patients operated ii(>on for brain lesions, herniojilasties, ami ma.iov 
abdominal jiroeediires in whom the liver was not hamllcd. Lord*’ and 
('alien ami eo-workers*' have dernonst rated in the doff that massage of 
tlie liver for twenty-five minutes prodiiee.s a fall of 25 per cent in the 
level of llie phi.sina jirotliroinbin, from wiiieh recovery is made within 
six davs. Tiie latter workers have studied the effect of anesthesia on 
plasma iirothrombin ami I'oiiml tiiat of ether, eyelopropanc. and chloro- 
fonn. onl.v the last produced sigiiifieantly depressed levels during the 
, St operative period. Allen and favingstone"’ stmlied a variety of 
aiie.stheUc agents exclusive of chloroform and concluded that the post- 
> "dive fall which occurred wa.s not due to the t.v])e of anesthetic bnt 
u'ler io the stale of the stores of vitamin K, ‘•potential prothrombin,” 


he bod.v. 

Vtl, the observation on the depressing effect of operation on the 
'olhroinbin ontiined above in mind, it would scorn unwise to 
aoplive operation on any patient wilJi a level of plasma pvo- 
•forin an t ^ critical bleeding level is 20 to 25 

•ombin lie ow ^ Warner, Brinkbous, and Smith test. lienee, 

[• cent of noim<> po.stoperative fall, there would be no margin 

owing 25 per cen „vothronibin were 50 per cent of normal or 

safety unless the ' 

.vher iweoperativcly. 
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Excellent clinical reports liave been made by Smith and co-ivorkers,^'’ 
Butt, Snell, and Osterberg,-^ Dam and Glavind,^* Elioads,"- Quick,* 
Stewart and Eourke,-' Illingworth,®^ and Allen and Julian.^* 

B. Biliary Fistula . — The hemorrhagic tendency may become manifest 
in patients witli a biliary fistula since, as in obstructive jaundice, the 
absence of bile in the intestine leads to a failure of the absorption of the 
fat-soluble vitamin K and hence to a diminished level of plasma pro- 
thrombin. Experimentally, Hawkins and ’Whipple” and Hawkins and 
Brinldious®® in 1935-1936 demonstrated the hemorrhagic tendency in 
clogs with biliary fistulae and showed that the bleeding was due to a 
deficiency of plasma pi-othromlnn. The relation of vitamin K and the 
level of plasma pi'othrombin in dogs with biliary fistulae was determined 
by Smith, Warner, Brinkhous, and Seegers®' in 1938. In these animals 
the liver remains normal grossly and microscopically and the fall in 
plasma prothrombin is more gradual than in the animals with ob- 
structive jaundice, since in the latter the combination of exclusion of 
bile from the intestinal tract intei-fering with the absorption of vitamin 
K, and the mechanical obstruction to the outflow of bile may lead to a 
secondaiy hepatic damage in the form of cirrhosis. 

Brinkhous, Smith, and Warner®® in 1938 reported a ease of external 
biliary fistula due to stricture of the common bile duet and observed 
plasma pi’othrombin levels of 29 per cent which, after the feeding of 
wliole bile, rose to 89 per cent. There was temporary oozing of blood 
from the wound on tlie fourth and fifth postoperative days, which ceased 
following a blood transfusion. Zuckerman, Kogut, Jacobi and Cohen®® 
in 1939 reported an excellent study of tJie plasma protlirombin and other 
liematologic findings in a patient with a complete external biliary fistula. 
The patient was placed on a low fat, vitamin K deficient diet ■without 
the administration of bile or bile salts, with the result that the plasma 
protlu’ombin time rose from 30 to 150 seconds and the patient bled 
from the gums, tongue, and vagina. Neither the prothrombin time nor 
the actual bleeding was altei-ed by the feeding of bile or vitamin K alone, 
but the prothrombin time returned to normal (twenty seconds) and the 
bleeding ceased within eight da.vs after the feeding of bile and vitamin 
K concentrate together. Numerous other workers have reported similar 
experiences. 

C. Hepatic Disease . — Concomitantly with the development of the ex- 
perimental evidence that the liver is the site of elaboration of plasma 
prothrombin, clinical studies revealed that prothrombin is lowered in a 
variety of di.scascs of tlie liver. Cirrhosis of the liver has been widclv 
recognized to be associated with lowered levels of plasma prothrom- 
bin='' ®'' and the failure of the plasma prothroml)in to rcsspond to 
vitamin K has been repeatedl.v emphasized by Allen and Julian 
Etewart,"' Andrus and Lord.®® and othens. It is interesting to note that 


‘ <'!:m !!\ 


MU 


III th.- ti.> cnv „f jaiirulb* Iks'. failMi 

til ii'ijmiiii Id •. (ijijiiiri |\ llii-iKfir iti spiti n! liiit!jr-‘.!;!ni!iii" 

jnutt.iii'i-, df .six iti.it.llis’ li.iMtii.n in ,.u,- raw, n„ ii„. dtiii r l.anil, wily 
Hill' iMSf III tv (lira! i-ri i iin-.is iia-. slmun an rlri.i'inii of plas.'iia pnitiirom- 
J'iii (olldu lilt: till- iiijii'iidii of •.itiiilai finioufiis oi lio- vitamin. 

nilirr typ. s of lit.-r .tis..;,s,. M„.|, as rnnltipio alis.-csH- s of fin- 
I .'itai I iml jaiiinlii’c. '- aiiii Miliai-iito t'l-Iiinv alrojihy' ' ar<> as'wititdl 
uilh ilcjiii'SM'il li'VrK ot plasiiin {irollirotiiliiti uiiii-li fail to n-'.jionil to 
vilniitiii I\ iiiliiiiiiisinitiiiii. 


I). int, .fhin/ /iAiiio nxfl Xulntnunit {>, fu inu ij. -Kark ami J.o/.m-r.'' 
iisitit; II tniiilitii'it <^>uic|; test, rcpnrtiil on cliatiiri's in tin- protiiroinliiii time 
in palionts uith M'inpio imiritional .li-ficit-ncy of vitamin K. Their four 
patient.'; tton- tree irom janmlie.' aini infislina! and hepativ di.si'aso but 
did fnive stuns ot otliei' vitamin dcticicneii-s. Dn vitamin IC eoncentratp 
uitlioiit bile salts the protliromliin lime, after havintr been ninrki'dl.v 
prolonued in il,e dilnied plasmas, returned to normal within three days 
in all eases. .Mfiiouuh these patients hatj hemorrhauie nianife.stations". it 
was the opinion of lhes(> authors that liiey were due to defieicncy of 
vitamin Searboronuh,' '• iisitiir <i>uieks test as a measniv of pla.smn 
lirolhrombin. was unable to eorroborale the tindinu of JCark and Loaner 
in patients with miilli[)le vitamin ihdh-ietie.v. He eonehided that the e.\- 
])ianatinn ol (In'ir dineri'iit r<*sulfs la.v in the dift'crent feehnifjnc of 
delermininu plasma prothrombin. In spite of an ade<]natc intake of 
vitamin K and a normal ontpnt of bile, eertain jiatienls with poor in- 
testinal ab.sorption sncli as may be seen in sprue, nleerative colitis, etc., 
may liaxe loueit'd le\el.s of jila.sma protliromliin and in a few instances 
deveioi> Hie hemorrhauie fendene.v. Clark and bi.s eo-workei-s.*® in 1939. 
reporteil theii expeiienee witli a wide \'ariet.\' ot jraslrointestinal dis- 
eases and associated hypoprothrombinemia. Stewart and Ronrko^' ob- 


served patients with ehronie nleerative colitis who had diminislied levels 
of plasma ]irothrom!)in which re.sponded to oral vitamin K thcrap.v. 

-Jlaekic”' fomul low levels of plasma protliromliin in a wide variety of 
conditions not associated with .iauiulice or obvious liejiatie disease. Ho 
reported in detail the findings in two eases of regional enteritis and two 
of ulcerative colitis, one case of Banti s s.vndronio and one ease of trop- 
ical sprue complicated by chronic intestinal obstruction. In fliree of 
these cases there was severe hemorrhage and in all of them tlie plasma 
prothrombin time was prolonged. 

Yfe'' have followed quite by accident the plasma prothrombin in an 
o-estin" case of poor intestinal absorption of vitamin K in the ab- 
^ " f nnv clinical disease. The plasma prothrombin was determined 
ns a control, and when the level of 52 per cent w'as found and 
at ns as , , f\,rare to he correct, careful studies were carried 

" dctemiiie, if possible, the nature of the defect. Oral administra- 
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tions of 2 mg. of mciiadioiie produced no change in the level of the 
plasma prothrombin and similar failure of response followed menadione 
and bile salts in combination. However, intramuscular injection of 2 
mg. of menadione j^roduced a prompt elevation of tbe prothrombin which 
mis maintained for one montli. This patient has noted all her life an 
imusual tendency to bleed after minor trauma, dental operations, and 
tonsillectomy. Her diet has always been adequate in all respects. It 
would seem in this instance that we must postulate some defect of tbe 
intestinal alisorptive meohanism. 

E. 11 emorrhagic Disease of Nciohom . — In 1937, Brinkhoiis, Smith, and 
Warner'® rejiorled on tbe plasma prothrombin of newborn infants from 
the time of iiirth to ten and one-half months and observed extremely 
low levels during the first few daj's of life. Values ranging beVveen 
14 and 44 per cent of the adult normal were obtained and the normal 
level was approached by the age of ten and one-half months. Heilman 
and .Shettles®'’ confirmed the above findings and added that the levels 
of plasma prothrombin of premature infants were approximately one- 
third that of full-term infants, i.e., less than 10 per cent of the values 
of their mothers’ prothrombin. Javert and Moore, wlio employed the 
two-stage test of Warner, Brinkhous, and Smith, further confirmed 
these findings. In a series of twenty consecutive bloods taken at birth 
simultaneously from the cord and from tlie juother, the average level of 
the eoz’d blood was 23 per cent and that of the mother 77 per cent. 

AVoi'kei's who have used the Quick prothrombin time as a measure of 
pla.sma prothrombin have obtained a variety of results from cord bloods. 
Quick and Grossman’* stated that the blood of infants three to seven 
days old was essentially the same as adults’ blood. In a group of eight 
published eases the clotting time was within one-half second of the nor- 
mal control in every instance. One month later Quick and Grossman'- 
reported three ca.ses of cord blood with prothrombin levels of 71, 67, and 
67 per cent, wiveveas in ten cases involving infants Ijotweon the ages of 
si-v hours and two and one-half days the prothrom])in percentage ranged 
betwoea SO and 7 per cent. In one instance the prothrombin rose from 
15.5 per cent at the end of three and one-half days to 75 per cent at tlie 
end of five and one-half days. On the other hand, Norris and Rusli” 
msiiig the Quick test found that the prothrombin of cord blood in a series 
of fiffj--ono babies wms So per cent and 63 poi' cent, depending on wiicther 
die i)lii.sma wus undiluted or diluted with saline solution. Simultaneous 
determinations of the prothrombin of the mothers blood by the same 
leciinique revealed percentages of 117 and 140 rcsjicetively. Further 
eoiifirination of diminished levels of pla.sma prothrombin in newborn in- 
fants was added by Kato and Ponchciv'* wiio found in a .series of 173 
iiewliorn infants average clotting limes of 4o soeonds on the first day 
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ol ]ilc, .?8 socoiuls oil tlio .spcond day, and a slower fall lo 28 seconds 
l»y liie twenfielh day. Xoi-inal adtill conirols liad clotting times aver- 
aging 20 Kcconds. 


A\ addell, (I'nerry, IJray, and Kelley, wjjo wei'O the first lo report on 
the eficet ot vitamin K on the ])iasnia protliroinhin of the newborn in- 
tant showed that there is a rapid and .sigj)ifieant response in the pro- 
thi'ombin following oral administration of vitamin K concentrate. 
Shettles, Deli's, and Jlellman’” not only fed infants the vitamin but 
also observed tiie effect on the prothrombin of vitamin K administered 
to the molhei' befoi-e and diiidng labor. This latter method produced 
an average elevation of jdasma prothrombin in the infants to three times 
the normal controls, 

Waddell and Giicrrv,'' Nygaard,'* Rhoads’'- and others have recorded 
eases of hemori'hag'ic disease of the newboni ^vith low levels of plasma 
prothrombin. 

Recently Hlanmenee. Heilman, and Slwttlcs'^ studied the retina of 
newborn babies and found that those with retinal hemorrhage showed 
lower levels of prothrombin than normal infants and that administration 
of vitamin K to mothers prior to the onset of labor almost entirely 
eliminated I'elinal hemorrhage in their izifants. 

There has been much speculation about the underlying physiology of 
the hypoj)rotin'ombinemia of the newborn, its fui'ther fall during the 
first few days of life, and its elevation from the eighth to tenth da.v. 

It is Quick's opinioii that infants are boz-n with a normal level of plasma 
prothrombin and develop a fall in this substaziee duz-izig the first forty- 
eight hours of life due to the f.zct that fhez'e is zzo reserve of prothrombin 
izi the fetus and to the physiologic sti-ain put ozi the izifant during the 


first few days of life. 

The recovery of the plasma pi-othroziibizi which Quick has found to 
occur abruptly in the second week of life Ize believes is due to bacterial 
svnthcsis of vitamizi K izi the inte.stinal tract of the infants witli sub- 
sequent absorptiozi azid utilization by the liver for the elaboration of 
plasma prothrombin. 

Tocantins®" studied an infant with a complete septum betu-cen the 
fi t and second portions of the duodenum in Avhom the bile duet eon- 
d with the distal bowel, with the result that no food could get to 
^ ^ -ilthoimh a normal amount of bile was presezit. Clizzically 
* ”'/nt became jaundiced on the second day of life, vomited all food, 


the inian ^ i^ectum, and showed evidence of prolonged bieedin" 

passed meconiu plasma prothrombizi was less tlian 1 jier eczit 

from a skin eleventh day of life the jaundice hegazi to eleaz-, 

of normal. > piasnia prothi'ombizz i-ose to 113 per 

l)jle was passed by le > • , , , ,, — — , 


bile was passed oy concluded frozn the above case that baeferi.-: 

cent of normal. t Tne with subsequent forznation of vitamizi K was no 


nctivity in 


al 

not 
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tile underlying mechanism in the elaboration of the plasma prothrombin 
during the second week of life but rather that the true mechanism lay 
in the implied impairment of hepatic function of the newborn infant as 
evidenced by the analogous condition of “physiologic” icterus of the 
newborn. 

A possible criticism of the above hj’^pothesis may be found in the fact 
that the plasma prothi-ombin response to vitamin K in the newborn com- 
pares favorably with that of the adult in whom normal liver function is 
present. If impairment of liver function in the new'born is the under- 
lying mechanism of the hypoprothrombinemia, there should be little or 
no response to vitamin K so long as such impairment exists. 

Javert and iiloore"® postulated that sinee the eirculation of the blood 
of the fetus from the placenta to the heart cirenmvents the liver via the 
ductus venosus by as much as 80 per cent of its volume, the plasma 
prothrombin of the blood in the peripheral circulation should be greatly 
reduced. Andrus and Lord®* constructed an Eck fistula in four dogs 
and observed a slow hut steadj' fall in the plasma prothrombin to an 
average of 59 per cent of normal in an average of forty-three days. On 
the other hand, in three dogs with a reverse Eck fistula the plasma pro- 
thrombin averaged 89 per cent of normal at the end of an average of 
hfty-one days. In an Eek fistula the blood flow from the portal vein 
IS shunted through the inferior vena cava and does not reach the liver 
Une to ligature on the portal vein on the hepatic side of the anastomosis 
between the portal vein and the inferior vena cava. In the reverse Eck 
fistula the inferior vena cava is ligated cephalad to the anastomosis of 
the portal vein and the inferior vena cava and hence all the blood from 
the hind legs and pelvis pass through the liver along the portal flow. 

Prom a therapeutic point of view it w'ould seem be.st to treat all 
mothers just prior to or during labor with menadione and to admin- 
ister the vitamin to the newbora infants if the level of prothrombin is 
low or if the infant should need any surgical procedure. On the pedi- 
atric service of the New York Hospital three infants liave been observed 
■"’ho, following an episode of diarrhea, developed hemorrhagic manifesta- 
tions associated with low levels of plasma prothrombin.®^ 

P. Ilypcrihjjrnidism . — Por many years it has been pointed out that 
the liver is altered anatomically and functionally in the hyperthyroid 
liatient. Weller,®'’ Beaver and Pemberton,®* and Shaffer®’ demonstrated 
that a wide variety of pathologic changes occur in the livers of patients 
with toxic .goiter and that thc.se range from widespread acute necrosis 
(usually central) to chronic patchy parenchymatous interlobular hep- 
atitis. li'mictional imjiairment of the liver has also been noted, and 
Hoyce and yiePet ridge,'"' Bartels and Perkin, and Haines, yiagath. 
and Power’* have reiwrted carefull.v studied series of patient.s, conelud- 
uig that in general tlie higher the ba.sal metabolic rate the poorer tJie 
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liopatif i unction as indicated by the Jiippnric acid excretion test, and 
that there is usually a significant dej)j'ossion in hepatic function after 
o]>eralion. Gidle,"’’ using the 1)ronisul])halcin excretion test, found that 
inipairiiienf ot Jiepatie function in the postoperative course of relatively 
sick patients was most marked in elderly individuals with long-standing 
hyjierthyroidism. It is his opinion that the delayed (third to seventh 
postoju'rativc day) I'caetion of confusion, delirium, jaundice, and broncho- 
pneumonia occasionally seen in elderly patients who liaA’c had severe 
iiypei'thyroidism is a possible terminal event due to hepatic insufficiency. 

Wc"' have studied a group of thirty-six cases of toxic diffuse and toxic 
nodular goiter and found that the level of plasma prothrombin shows 
little or no correlation with the preoporative basal metabolic rate, age 
or sex of the i)aticnt, or with the duration of the disease. On the other 
hand, it appeared that there was a marked fall in the plasma pro- 
thrombin during the immediate postoperative period, averaging 15 per 
^ cent but amounting to 40 per cent or more in some cases. The lowered 
levels were seen soon after operation and the normal level was at- 
tained only after one week had elapsed. The curves are quite similar 
to those obtained with chloroform anesthesia in patients as reported by 
Cullen, Ziffren, Gibson and Smith.’*® In one patient who developed 
clinical jaundice (icteric index, 50) following a first stage hemithy- 
roideetomy, the plasma prothrombin fell from a preoperative level of 61 
per cent to 43 per cent of normal on the first day and to 28 per cent on 
the third day after operation. Subsequent rise to 60 per cent of normal 
iiad occurred by the sixth day. 

The above findings bring further important evidence to bear on the 
role of the liver in the patient rvith toxic goiter and it would seem highly 
advisable to use every means at hand to improve the patient’s hepatic 
function during both the pi-eoperative period of preparation and the im- 
mediate postoperative phase. 

liver function tests in the differenti.il diagnosis of jaundice 

A Avide variety of tests of liver function haAm been employed in an 
attempt to differentiate extrahepatic from intrahepatic jaundice but 

1 r • feiv of them have withstood rigid clinical application. There fol- 
loAA^ a comparison of the findings of those Avhich have yielded the most 

accurate results. i 

. r> r rfnfp Tolerance Test— The galactose tolerance test Avas utilized 

A. d Qeliloss®” and Sehiff and Senior®" with excellent results, 
by Shay an jw successful in the differentiation of the tivo 

being almos u contraiy. Banks, Sprague, and Sncll®‘ found 

groups of jaun ice. value Avhen n.sed as a differential diagnostic 

that the test A\-as o n Coltrin®® have brought forth a 

aid. Recently Basse , galactose clearance test which appears to 

, /.— m tte to* o' ® 



RECEXT ADVANCES IN SURGERY 


817 


provide a high degree of accuracy. They found that 82 per cent of a 
group of patients with obstructive jaundice of less than six months’ 
duration had galactose clearance levels of less than 20 mg. per cent, while 
81 per cent of the cases with idiopathic parenchjTiiatons jaundice had 
moi’e than 20 mg. per cent of galactose remaining in the blood seventy- 
five minutes after injection of 1 c.c. of a 50 per cent solution per kilo- 
gram. It would seem, however, that this overlap, although statistically 
small, may cause some limitation in the interpretation of the test in any 
given case of jaundice which presents a diagnostic problem. 

B. Cephalin-Cholesterol Flocculation Test . — The other test to receive 
high I’ccommendation in the differential diagnosis of jaundice is the 
cephalin-cholesterol flocculation test of Hanger.®’ In the hands of the 
author this test obtained an accuracy of 92 per cent, being correct in 58 
out of 63 eases. Bosenberg®^ confirmed the findings of Hanger and made 
the observation that early in the course of jaundice a stronglj^ 
positive flocculation lest was indicative of an intrahepatic origin (8 out 
of S eases), whereas a negative or faintly positive test was suggestive 
of an extrahepatic cause for the jaundice. In 1 case out of 11 with ob- 
.structive jaundice a strongly positive te.st was obtained. On the other 
hand, Pohle and Stewart®’ found that the cephalin-cholesterol floccula- 
tion test is not satisfactory in the differential diagnosis of jaundice, al- 
though it is of marked sensitivity in the recognition of hepatic dam- 
age. In a series of twenty-three patients with obstructive jaundice, 
.strongly positive (3+ and 4-1-) reactions were obtained in six mstanees. 
The duration of the jaundice in these six eases varied from two weeks to 
fourteen months, and the etiology of the obstruction iireluded both 
malignant and benign causes for the extrahepatic block. 

C. The Level of Plasma Prothrotnbin and Its Itesponse to Menadione. 
— Lord and Andrus®® have reported on the use of the response of the 
plasma pi-otln-ombin to intramuscular injection of menadione as a diag- 
nostic aid in the differentiation of intrahepatic from exti’ahepatic 
jaundice. In a series of thirty-six cases of jaundice of intrahepatic 
origin the test was correct thirty-two times. In the group of extra- 
hepatic jaundice it was correct in 49 cases out of 50. Hence, in a total 
of eighty-six cases where the test was applied, an accuracy of 94 per 
cent was attained. It is woi'th mentioning that there have been moi’e 
than twenty cases of extrahepatic jaundice not included in the above 
group during the past year and a half in which the initial prothrombin 
was SO per cent or more. IVc have found that every case of jaundice with 
an initial level of plasma prothrombin at SO per cent or higher is one of 
extrahepatic origin. Tlie technique of the test is to detennine the level 
of idasma prothrombin on two succe.ssive days by the IVarncr, Brinkhous 
and Smith test,"' and if the two levels arc within 5 per cent of each other. 
2 mg. of menadione arc injected intramuscularly and the prothrombin 
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is (Icfonniiicd ;it iiilorvnis of Iwciify-foiw, forty-cif'ht, and seventy-two 
liours. On llie other Jiand, if there is a difference greater than 5 per 
cent in t!ie (wo initiai leveis of prothronihin, tJie level is determined on 
(he third day, and so on, until (lie levels on two successive days are 
found to he within 5 ])cr cent of each other. When such agreement 
occurs, (hen (he menadione is administered. On no occasion Lave we 
lonnd if Jieee.ss-ai-y- to determine the prothrombin for more than throe 
sncce.ssivc days heforc injecting menadione. 


Siniultaiieously and independently Allen and Julian^’ reported on 
twelve cases of hci)ntic disea.se in which the ro.sponsc of the plasma pro- 
thromhin to llic oi-al administration of menadione was sluggish or ah- 
senf. They conclude, "that patients with chronic disease of the liver 
sliowcd the most marked failure to iTspond to therapy. This, we believe, 
oflcrs a cliaracteristic of valuable diagnostic importance, in that failure 
of prothrombin response to adequate vitamin K in cases of jaundice 
would imply intralicpatie disease rather tlian obstruction of tlie bile 
ducts as the cause of the jaundice.” E.xamination of their chai't of 
twelve cases shows one patient with acute hepatitis and mai’ked jctonis 
who had an initial plasma protJirombin level of 41 per cent of normal, 
but which rose to 68 per cent after three days of treatment and to 95 
per cent on the seventh day. This response, although not quite as rapid 
as is the typical case of e.xtrahepatic jaundice, is at variance with our 
experience in whieli no ease with eatarrJial jaundice or acute hepatitis 
rose more than 29 per cent, and in the one case that rose by this amount 
a second trial of the test some two weeks later showed a fall of 9 per 
cent, 

Eecenlly, Ohvin®^ confirmed the results of Lord and Andrus, and of 
Allen and Julian, except for tlie fact that lie obtained a good response 
ill the group of patients with catarxhal jaundice, and a failure to re- 
spond only in those patients with subacute yellow atrophy of the liver. 
Ohvin and Lord and Andrus used the Warner, Brinkhous, and Smith 
test while Allen and co-workers used their modification of the Quick 

THERAPY OP PROTHKOflIBIN DEFICIENCY 


From the above discussion of the metabolism of vitamin K, its rcla- 
, jjjg intestinal absorptive mechanism and tJie role of the liver in 
r” laboration of plasma prothrombin, it becomes clear that there are 
'l factors ill treatment of luToprotlirombinemia. At present 
severa ^ administered onl.i' in the form of blood trans- 

protlnom ‘ gj^centrate of this substance has been described for clin- 
fusion as no transfusion is onl.r a temporary therapeutic 

leal Pse. °"®^j^^;,^5stration of vitamin K is a vital factor and this 
measure. ^ ‘ -avietv of forms and by several different roule.s. Fi- 

cau he ‘ f „veatest importance in (he therapy of hypo- 

and perhaps ot . < 
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protlirombinemia, is the maintenance of adequate liver function as no 
amount of vitamin K n'iH elevate the plasma prothi’oinhin in the pres- 
ence of a severely damaged liver. 

A. Blood Transfusion. — Judd, Snell, and Hoerner’’“ pointed out the 
value of a transfusion of blood in the hemorrhagic state associated with 
obstructive jaundice and though of transient effect, found that a trans- 
fusion a few hours before operation might prevent serious hemorrhage 
subsequently. Experimental evidence demonstrating the effect of blood 
transfusion in the hemorrhagic state was presented 133 ^ Smith, tiVanier, 
Brinkhous, and Seegers.^' The 3 ' showed that the plasma prothrombin 
was elevated and hemorrhage controlled when a ti’aiisfusion of blood 
was carried out in a dog with a eholee 3 ’’stnephrostom 3 ' and a markedl}’ 
depressed level of plasma prothrombin. The improvement was of tempo- 
rtU 3 ' duration and hemorrhage recurred in a few dav'S. 

From a clinical stud 3 ' Stewart”' suggested that a 600 c.e. transfusion 
of blood elevated the plasma prothrombin approximate^' 6 per cent. 
In controlled experiments in the dog Lord, Andrus, and Moore”® dem- 
onstrated that the change in the total content of prothrombin in the 
plasma of a recipient after a transfusion was dependent on the pro- 
thrombin content of the plasma of the donor and may be calculated on 
the basis of addition. 

Tliere has been much controversy on the question of efficac 3 ' of 
"bank blood” as a source of plasma prothrombin ever since the original 
paper b 3 ' Rhoads and Panzei'”” who found that the prothrombin level 
of bank blood b.v Quick ’.s method rapidh" declined to less than 25 per 
cent of normal during the first seven dav's of storage. Lord and 
Pastore*”" were the first to report on the levels of plasma prothrombin 
in bank blood as measured b.v the ‘Warner, Brinklious, and Smith test 
and found that rather than declining rapidh' as observed b.v Rhoads 
and Panzer, the plasma prothrombin remained above SO per cent of 
normal during the fir.sl week of storage and fell to Gl per cent b.v the 
end of tlic tliird week. Using the Quick test on the same samples of 
blood, Lord and Pastore confirmed the findings of Rhoads and Panzer. 
Subsequently, Warner, l)e(,'owin. and Scegers’'" confirmed the findings 
of Lord and Pastore when tlie Warner. Brinkhous, and Smith test was 
U-sed, but did not observe a sianifieaut fall uith the Quick test. However, 
Ziegler, Osterberg. and lIovii:,'"= emplo.ving lioth tests, observed a slow, 
gradual fall in plasma prothrombin with each test (an average of 7.5 
per cent in four da.vs, 65 per cent in eight da.vs, and 40 per cent in 
thirt.v-seven days), and (Juiek. using his own test confirmed the findings 
of Rhoads and Panzer, and Lord and Pastore when the Quick test w'as 
used. Numerous other rejiorts have been made but there is complete 
agreement in only one fact, namel.v, that the phusma prothrombin re- 
mains above 7(t per cent of normal during the first five to seven dav.s of 
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Ktoni^^c when clelonnincd ]).v llie AVanier, Brinklious, and Smith test, 
iiKli(a(in»; that hank blood loss lliau one n'eGk old is an adequate source 
of })]asnia prolhronibin. 

B. 1 liamw A. Originally, crude concentrates of alfalfa, fish meal, 
and spinach were emi)loyed as the source of vitamin K. With these 
several authors reported on the successful control of the hemoi’rhagie 
diathesis associated with .faundiee and biliary fistula and of hemorrhagic 

disease of the newborn."’'- es 


With the discovery tiiat 2-methyl-l, 4-naphthoquinone and its de- 
rivatives were highly active antiheinorrhagic substances and that thej’ 
could be administered not only orally hut also intramuscularlj- and intra- 
venously, the thcraiiy of hyjiopi’othrombinemia was vastly improved. 
In addition, the role of the liver and of the intestinal absorptive mecha- 
nism became more cieui-ly understood. 


Inti-avcnous administration of phthioeol by Butt, Snell, and Oster- 
berg’'’^ and Smith, Ziffren, Owen, and floffman’'’ was described in 1939 
and both groups of workers observed excellent responses in the plasma 
prothrombin to this synthetic substanee. Sj’nthetie vitamin Kj was used 
intravenousb' by Franlc, Hurwitz, and Seligmajd'” with prompt and 
prolonged effect in two patiejits with hypoprothrombinemia, MaeFie, 
Bacharach, and 01131100 '°° were the first to describe the intramuscular 
injection of 2-methyl-l, 4-naphthoquinone, and with the use of 10 mg. 
doses observed significant elevation of the plasma protlirombin. Andrus 
and Lord^^ shortly thereafter confirmed the value of tlie intramuscular 
injection of 2-metln'l-l, 4-naphthoquinone, obtaining excellent responses 
,to 2 mg. doses in the absence of severe liver damage. 

Rhoads and FIiegelman'°' repoi’ted the effectiveness of the oral ad- 
ministration of 2-methyl-l, 4-naphthoquinone in a group of ten patients. 
Shettles, Delfs, and Ilellmaiv" fed 2-mcthyl-I, 4 naphthoquinone to 
mothers in labor and to infants, and found it effective in elevating the 


lasma prothrombin. 

The intravenous use of administration of other derivatives of naph- 
hoquinone has been stressed by Olwin"’ as an ideal means of controlling 
nrothroinbineinia. Both Olwin and Lord and Andrus have found 
!renteral routes for the administration of the synthetic vitamin K best 
nr the differential diagnosis of jaundice. 

WIPtlier menadione is administered intravenously or intramuscu- 
" ffeet on elevation of tlie plasma prothrombin is prompt (in 2 

arb^ the e ^15 to 60 per cent rise in the absence of liver 

0 8 horns), si» 20 days). Since in the parenteral use 

lamage), an ° (. j,eeessary and tlie state of the intestinal 

p K. hue saus py 


o _ , sans 

vitamin n., presence of vomiting are of no conse- 

ibsoi’pti'''® meehains ^ choice in the mode and route of 

there wouia seem 


[uencC; 
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aclmiiiisfration. Slenaclione should be used intramusculailj oi intia 
venously in 2 mg. amounts ever.v thi-ee to ten days, depending ^ ® 
level of the plasma pi’othrombin. If there is no available means or 
determining the level of plasma prothrombin, then the injections siou 
be carried out every three to four days until the basic condition (o strnc 
tire jaundice, biliary fistula, etc.) is rectified. 

C. The Protection of the Liuer.—During the past twenty-eight years 
factors ivliich protect the liver from injury have been worked out on 
the experimental animal and subsequently applied to human nee s. 
Thus, Opie and Alford'®® demonstrated the value of high carbohydrate 
diet in the protection of the liver of the rat against chloroform intox- 
ication and also emphasized the ill effects of fat in the diet, ^ This u oi ' 
has been repeatedly confirmed, but recently Johnson and his co-n oi i 
ers'"® observed that the proportion of fat in the liver uas of moie sij, 
nifieance in the susceptibility of the liver to injury than the amount of 
glycogen present. It had been demonstrated earlier"® that a high at 
diet was harmful to the liver of the dog when carbon tetrachloride m as 
used as the hepatotoxiu, animals on a high fat diet living onlj t lee 
weeks, in eontz'ast to similar animals which on a high carhohjdiate let 
lived three to four months. 

There has been little or no dispute over the fact that a diet high in 
carbohydrate and low in fat was best for the damaged liver, but there 
has been considerable controversy over the relation of protein in t e 
diet. Bollman and JIann"" claimed that a diet of meat protein was 
harmful to dogs fed carbon tetrachloride and that in some of tliese dogs 
the survival period was considerably sliorter than in the group fed a 
high carbohydrate diet. They felt that it was not the protein per se, 
but rather some water soluble substances of meat which were harmful, 

- and hence that milk was a perfectly safe and adequate source of piotein. 
bord, Andrus, and yioore'"' confirmed the efficacy of a diet high in 
carbohydrate, low in fat, with milk as the source of protein in dogs with 
oh.struetive jaundice, demonstrating that animals on this caiefullj con- 
trolled diet lived on the average of seventy-five days, in contrast to a 
group of dogs which lived forty-.seveii days (an average) when kept 
on the regular balaneed laboratory diet. 

Iloceiitly, however, Jlessiiiger and ilawkins,'" employing intraienous 
ursphenamiue as the liepatotoxin found that a high protein diet (meat in 
the form of hamhurg) protected the liver more effectiielj than anj 
other diet. To quote from their paper: “in our experiments, the dogs 
with severe liver injurj' showed marked improvement wlicn the diet wa.s 
ehiuiged to i)roleiii, and there wa.s not (he slightc.st evidence tlial the moat 
diet was in any way injuriou.s.’' 

Johnson and his eo-workers’"” demon.st rated in dogs witli the common 
a diet high in protein and earholi.vdratc wit Ji no fat 
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was more olToetive liiaii tjic usual Jn'gJi earboiiydrale diet in reducing 
(lie Jatly acid concent ration of tiie liver and in increasing the hepatic 
glycogen. I'iiis (hey have also confirmed in ])ationts. 

During the ]iast three ye.ars experimental necrosis and ein-hosis of the 
liver have hecn jirodnccd in the rat"- and rabbit"-'’ using special diets 
u'hich ivcro dc/icicnt chiefly in (ho B complex. Rich and Hamilfon’" 
ionnd that rabbits fed a diet adequate in every respect except for the 
B complex develo]ied cirrhosis of (he liver in from 25 to 113 days. If 
all of the known synthetic vitamins of the B complex Avere added 
(thiamine, nicotinic acid, riboflavin, and B,,), tlie cirrhosis still occurred. 
However, if whole brewer’s yeast was administered, the changes in the 
liA'cr Avez'e jircA’cnled. Daft, Sebrell, and Lillie'" ivere able to produce 
cirrhosis of (he liver in rats on a .special diet and could pi’CA'ent it by 
adding casein (30 per cent of the diet), methionine (0.7 per cent of the 
diet), or choline (20 mg. daily) either singly or in combination. 

Drill and Hays,"'"' from a different viewpoint, demonstrated the A’alue 
of whole brewer s j'east in maintaining normal liver function in the dog, 
as measured b.v the bromsulphalein test, whezi thyroid extract was ad- 
ministered. 

Andrus and Lord"" have found that a minute amount of chloroform 
(0.12 e.e. per kilogram) when injected subeutaneouslj' in the dog 
regularly produces a fall in the plasma protlirombin to 50 per cent of 
normal in twenty-four hours and that this full is not reeoA-ered fi’oni 
until one iveek has elapsed. The i-ange of fall of the plasma prothrombin 
varies in individual dogs from 73 to 2 per cent of normal, but the mean 
average is approximately 50 per cent. HoAvever, when Avdiole bi’CAA'cr’s 
yeast is administered in 1 Gm. per kilogram doses for from two to three 
days preceding the administration of the hepatotoxin, the fall of plasma 
prothrombin is cut in half and the period of recovery shortened to from 
four to five days. 

Studies of some of the indiAudual faetors in the B complex reveal that 
thiamin, rilmflavin, and nicotinic acid have no effect whatsoever in pre- 
ventiu«-"the fall of plasma prothrombin after the test dose of chlorofoim. 

0 ^ the other hand, choline chloride in 200 mg. per kilogram doses for 
e days prevented the fall in the plasma prothrombin to a degree 
t1 t of brewer’s yeast. Because of the remarkable effect of 
equa choline in protecting the liver from the action 

brewei s ^ onem Avise to include these substances in the diet 

°f With potcnti.1 or <Iam,-,go to the live,-. 

^ f anoxemia in producing hepatic damage has been demon- 

The effect o ‘ jjj mind in selecting the anesthetic agent 

strated'” ® jiver function. Anemia, because of the 

in patients Avith liver, should be corrected. 

anoxic effect it may have 0 
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SECTION ON SUEGERY, GExNERAL AND ABDOMINAL, OP THE 
AIRIER ICAN ."ilEDICAL ASSOCIATION JIEBTING AT 
ATLANTIC CITY, N. J., JUNE 8-12, 1942 


J. D-.Martix, Jr., M.D., Ati/Anta, Ga. 

T he follomnp; papers iverc presented at tlie American itodical Associa- 
tion greeting at Atlantic City, June S-12, 1942, section on genera] and 
abdominal surgery. 


Edgar J. Poth, Baltimore: reviewed the experience in the use of succinyl sul- 
fathiazole in the care of patients .subjected to large bowel operations. The altered 
intestinal flora permitted extcn.sive surgical procedures with little danger of local 
infection or peritonitis, as was shown by a representative series of cases. It was 
noted that there was a reduction in the incidence of the ordinary camplications. 


Prank Lahey, Boston: Lesions of the Eight Colon Involving Colectomy. — The 
diagnostic features were presented in 127 resections for lesions involving the 
right colon. Very advanced ca.scs of secondary anemia can be present in cancer 
of the rectum and still be operable, while similiar lesions in the left colon would 
indicate inoperability. Lesions involving the terminal ileum of regional ileitis 
which e.xtend over onto the right colon wore presented. The relationship of the 
infected glands in the entire right mesentery to recurrence of regional ileitis were 
presented. It was advocated that the right colon, hepatic flo.xure, and right half 
of the transverse colon should be removed, in order to remove suspicious mesen- 
tery in regional ileitis. In acute stages of regional ileitis, operations should not 
be performed. The mortality in this series of ca.«os was 11.7 per cent. In the 
rivht side of the colon, 53.0 per cent were living at the end of flvo years. 


TTaivev B Stone and Samuel McLanahan, Baltimore: Eesectlon and Immediate 
A.n.tomosis for Carcinoma of the Colon.-The method of treatment was presented 
t esectiou and immediate anastomosis by the a.septic technique, in which the 
US obtained were comparable to those achieved by other methods. -Statistic.s 
results 0 personal eases, that in the majority of cases such a method 

Tvere shov.^ employed, preliminary or simultaneous decompression of the in- 

S^Hie'^lad been occasionally employed. 

Cleveland: Complications of Combined Abdomino-perlneal 

Thomas E. Jones, .phe ,no.st common complication was referable 

operations Presen e t destruction of the .sympathetic nerves ne- 

to the bladder, and is p ‘ i„fcction was shown to cau.so considerable 

eessitated by this radical P ^ _ , 


[ by this jieations were reported to bo rare. 'Wound infee- 

amioyance. ^“^“Xi'nleurred in 2J I>o>- ca.se.s, had been 


♦inns which formerly . o per cent. Femoral phleliitis and honiorrliagc 

past ’five yenrs therapeutic effort wa.s advocated in the prevention 

„.ere raw. Prophy 
of these complua ion. • 
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Charles B Puestow, Chicago- Experimental and Clinical Studies of Intestinal 
Motility and Postoperative Distention — It nas noted in evpeiimental evidence 
that there vas a contrary action of the large and small bowels That i«, when 
one IS motile, the other is quiet, and mcc versa Drugs which stimulate smaO 
bowel motilitv, as opiates, prostigminc, phv sostigniine, and atetvlchohne deriva 
tives, inhibit the colon Drugs which stimulate the colon, as solution of posterior 
pituitary and pitressin, inlubit the small bowel The importance of these factors 
1 as stressed in the production of gas pains and postopeiativ e distention 

I. S. Eavdm, Philadelphia: The Prevention of Liver Damage and the Pacili 
tation of Repair in the Liver by Diet— It was shown that glv eogeii does not direct 
Iv protect the liv ei from injury, and its effect is completely indirect An ade 
quate amount of pioteins in the diet will protect the liver fiom injuiy This 
action IS brought about bj the lipotropic action and some diiect protection bv- 
certain components of the protein molecule Experimental evidence, both in am 
nials and man, showed what was accomplished bj- intravenous administration of 
dcxtiosc and diet This data was in agreement in that it is not possible greatlj 
to influence the composition of the luer solel> by intraicnoiis thorapj A suffi 
cicnt amount of adequate foodstuffs are necessary to meet the energy require 
iiicnts of tho patient and to piovitlc foi deposition in the liver. 

J. Boss Veal, Washington, D C.: Prevention of Pulmonary Complications 
PoUowing Thigh Amputations by High Ligation of the Pemoral Vein — Pulmonarv 
complications following thigh amputations were reported as being the chief factor 
in the high moralitv rate The author advises preliimnarr high ligation of the 
femoral vein before amputation to close the source of emboli In 114 thigh am 
putations without ligation of the fenioial vein, theie wore CD deaths, 42 2 per 
cent of them resulting from pulmonary complications In 80 thigh amputations 
in a similai group of vascular gangrene cases in which a preliminary high ligation 
of the femoral vein was perfoimed, theie weie 14 deaths Thoic was only one 
pulnionaij coinplieation The tochnicjuo of high hgatwn of the femoral vein was 
reported 

W. J. Potts, Oak Park, Illinois Pulmonary Embolism — In experimental work 
done on dogs, the external lugnlai and fcmoial veins were partiallj- occluded with 
a single silk ligature No thrombosis followed In a second group of expeiiments, 
the veins vvcic doublv partialh occluded with silk ligatures placed 1 to 2 cm. 
apart In the extcrinil jugular veins, thrombosis developed in one of fourteen 
experiments In the femora! vein, thrombosis occurred in twelve of twenlj two 

experiments It appo irod th.it an alteration in the* i.ite of vinous blood flow vvas 

a factor la the formation of thrombi 

Arthur W Allen, Boston Subtotal Gastrectomy for Stcnosing Duodenal Ulcer, 
(Chairman's Address) — review of this stil>iec t w.is presented with an .inihsis 
of tho various fm tors invohed iii cure fiom methods other than subtotal resection 
ol the stomach It was shown th it the results obtained Irom subtotal gastrcctomv 
were liv far more bcntliiial than bv other methods \ motion picture w is shown 
ctcmemstr.iling the author’s method of perlcciiiiing .i subtotal g.isfrei toniv In this 
proccilure, resection is performed from the fundus end and the removal of the 

pvlorii end i“ done altc-r mobili/ itioii of the stom n h and hrsl portion of * 1,0 

eiuodciuuii 

Harry E Mock and Harry E Mock. Jr, ( Im igo Management of Skull Prac- 
turcs and Brain Injuries \ stiniv c qcij < is, s of consecutive proved siull frao 
tiircs was pri-sintiil fertile, purpose valuaiing the best tv pcs of imiiMgenu'iil of 



830 


SURGERY 


brjiiii hijiiiics. Thivo wnrr cnllfctoil from ropresetifativc hospitals in every part of 
(lio country. The mortality rates varicrl from J7 to 49 per cent. Over 50 per cent 
of the hospitals had a mortality rate ahovc Xi per cent. The immediate manage- 
ment of ecrchral shock, overcoming anoxemia and ischemia of the injured brain 
by tiso of o.Yygen, ndorpinto dohydratioii, and .spinal drainage, avoiding over.seda- 
tion, operating when indicated but not too early, and the diagno.sis of associated 
injuries was advised in an effort to reduce the mortality rates. 

J. D. Martin, Jr. and Eobert Mabon, Atlanta: Pulsating Exophthalmos.— The 
pathologic aspects of this condition were .shown to be well establi.shed in the trau- 
matic type, to be a communication between the internal carotid artery or its 
brnnche.s, nnd the cnvernoii.s sinus. Anatomic dissections wore presented which 
established the relationship of the.se structure.s, and explained the possibility for 
the development, both in the traumatic and spontaneous lesions. A review of the 
literature with the results obtained by the various methods of treatment was pre- 
sented. It was shown that in ligation of the internal or common carotid artery, 
the results wore essentially the .same. A report was made of live cases which were 
treated by proximal ligation. Two cases were spontaneous in origin; three were 
traiiinaf ic. 


George M. Curtis and James D. King, Columbus, Ohio: Blast Injuries to the 
Lungs. — The pressure wave of the blast from a bomb e.vplosion was shown to 
produce serious pulmonary injuries without resultant evidence of injury to the 
thoracic cage. The lesions are principally due to the impact on the body wall of 
the pressure component of the blast wave. Lung injury without external evidence 
of trauma occurs more frequently in peace time than has been previously recog- 
nized and reported. The mechanism responsible for the cerebral lesion is the 
hydraulic pressure on the tlrmly encased central nervous system, resulting from 
sudden compression of the thoracic cage with consequent violent back pressure 
on the venous side. After injury, complete rest is essential; every effort should be 
made to avoid any additional trauma. 


Harold L. Foss, Danville, Pa.; Total Hysterectomy.— A total hysterectomy was 
said to be the operation of choice in malignant pioecs.ses involving the fundus of 
the uterus. A simplification of this procedure has been advised. A facilitation of 
this has been done by the use of a long-handled knife and a right-angle clamp. 
The mortality rate of total hysterectomy can be lowered by such a procedure. 


H V Fortmann, Cleveland: Classification of Primary Cases of Cancer of the 
ea'st--Thc most important factor governing progiio.sis and indications for dif- 
f nt therapy is thought to be the extent of iinolvement. This can be determined 
‘lion of clinical and pathologic manifestations. A classification for 
by pjl cancer of the breast was presented on clinical and pathologic 

information. 

Adair, New York: The Eole of Surgery and Radiation in C.incer of 
Frank E. 7,215 cases of cancer of the breast treated at the itfenio- 

the Breast.-- York wa.s presented. .An evaluation of iarioii.« methods of 

rial Hospital in radium, and surgery, was made. 'The results oldaincd 

treatment, inchic ing !,rought about a tcndcacy among many .siirgeoii.s 

from those various , followed by roentgen therapy in lion of the radical 

to consider simple innstcci . 

aniputa ^ Acute Protein Deficiency in Shock, Burns, Intcstin.il 

■Robert Elnr^ri, St. (.onditions have in common a scriou.s delicicacy 

nhstrvtcUon and plasma. Acute hypoprotcinemia h usually, but not 

in the protein coutcut of 
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always, easy to detect because it is often masked by' dehydration. Eeplaceinent 
therapy is effective largely' 'ivith rapid correction of protein deficiency'. Plasma 
transfusions produce .such a change, although large volumes arc sometimes neces- 
sary'. Saline and de.xtrose solutions alone arc ineffective and often do harm. 
The intravenous injection of proteins is a newer way' of correcting acute protein 
deficiency and holds great promise of sueces.s. 

Elliott C. Cutler and Eobert Zollinger, Boston: Acute Cholecystitis.— The auth- 
ors presented three ty'pes of acute cholecy'stitis: (1) Patients in whom signs and 
symptoms subsided rapidly' when treated with rest, removal of pain, and admini- 
stration of adequate fluids; (2) patients who continue to show increasingly' acute 
signs in spite of general .supportive methods; and (.3) patients, who in spite of 
rest and establishment of fluid and chemical balance, change little. It is felt that 
operation in this group should be performed after thirty'-six to forty'-eight houis 
of observation, after one is certain that the patient is not improving. 

E. W. Gaarde, h. E. Prickman, and J. H. Easzkowski, Rochester, Jlinn.: Is the 
Asthmatic Patient a Good Surgical Risk? — ^The mo.st important factor in reduction 
of mortality rate in asthmatic patients depends on careful selection of patients, 
ob.servanee of preoperative and postoperative precautions, and close cooperation 
between the medical and surgical staffs caring for these patients. A study of 189 
consecutive cases of asthma to have major surgery' at the May'o Clinic disclosed 
that .some form of po.stoperative pulmonary' complication, including .severe asthma, 
developed in twenty-five, or 13 per cent of the case.s. Four, or 2.1 per cent of the 
patients died. Operative procedure on the upper part of the abdomen, which 
resulted in a lowering of the vital capacity', carries a special hazard for patients 
with asthma. 

Wra. Bates, Pliiladclpliia; Intraspinal Administration of Ammonium Sulfate. — 
The use of ammonium sulfate iiitraspinally' wa.s presented as a new form of therapy 
to aid in the control of intractable pain. Clinical application of the pitcher plant, 
Sarracenia purpurea, wa.s carried out over a period of ten year.s. Identification of 
the ammonium as the active component of the pitcher plant and the action of the 
ammonium ion on the ncr\e impulses was demonstrated, showing the optimal con- 
centration of the ammonium .salts. The absence of action on the motor nerves was 
shown in optimal concentration. Selection of patients was reported in which in- 
tractable pain was relieved with amnioniuin salts intraspinalh'. 


TUB TWENTY-FIFTH ANNUAL JIEETINH OF THE AMERICAN 
BRONUHOESOPIIAOOLOOICAL ASSOCIATION 

P.tUE IIOEIXCER, JI.I)., ChIC.VOO, IlI... 

T he twenty fifth anmial meeting of the American Broncho-E.sopliagologicul As- 
sormtion was lieUl .Itily ,8 and SI, 11M2, at the Hotel Dennis, Atlantic City, X. J. 

W. Likely Simpson, Memphis, Tennessee, presided. In-liis presidential addre.s-, 
Simpson discussed the technical, niedieni, and organizational problems in broneho- 
esophagohigy lit the rniccrsilj- of Tennessee .''eliool of Meiliciiie. Eiidnscopie work 
IS diMiIi'd between the departments of otolaryngology ami thoraeie surgery, Tim staff 
of the former is composed of rotating interns, fall time residents, am! si.\ attendin'' 
otolaryngologists who dieide the serriee llirouglioul the year. Cliiiiea! material is 
drawn from ea-os regularly ass,j.nt,d to the department and from eonsiiltatitms with 


Hfcelsed for imhllcatlon. Ang, 10, IJIZ. 
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'J’Ju'.so n-ern rolhx-ted from ropranciitativo hospitals in every part of 
tUo country. Tlie mort.-iiily rates varied from J 7 to 49 per cent. Over 50 per cent 
of tlio )io.s}»ital.s had a mortality rate above 03 per cent. The immediate manage- 
ment ol ecrohrn! .shoeh, overcoming nnoxoniia and ischemia of the injured brain 
ll.^ use of oxygen, adofjuatc dehydration, and spinal drainage, avoiding over.'seda- 
tion, operating when indicated hut not too early, and the diagnosis of associated 
injuries was advised in an effort to reduce the mortality rates. 

J. D. Martin, Jr. and Robert Mabou, Atlanta: Pulsating Exophthalmos. — The 
pathologic aspects of this condition were .shown to be wcJJ established in the trau- 
matic typo, to ho a communication hetrveen the internal carotid artery or its 
hranches, and tho cavcrnou.s sinus. Anatomic dissections were presented which 
established tho relationship of fhc.se structures, and ex-plained the possibility for 
the deveiopment, both in the traumatic and spontaneous lesions. A review of the 
literature with tho results obtained by the various methods of treatment was pre- 
.sentod. It wa.s shown that in ligation of the internal or common carotid artery, 
tlie results were cs.sentially the same. A report was made of live cases which were 
treated by proximal ligation. Two cases were spontaneous in origin; three were 
traumatic. 


George M. Curtis and James O. King, Columbus, Ohio: Blast Injuries to the 
Lungs. — Tlic pressure wave of the blast from a bomb e.xplosion was shown to 
produce serious pulmonary injuries without resultant evidence of injury to the 
tlioracic cage. The lesions are principally duo to the impact on the body wall of 
the pressure component of the blast wave. Lung injury without external evidence 
of trauma occurs more frequently in peace time than has been previously recog- 
nized and reported. Tho mechanism responsible for the cerebral lesion is the 
liydraulic pressure on the firmly encased central nervous system, resulting from 
sudden compression of the thoracic cage with consequent violent back pressure 
on the venous side. After injury, complete rest is essential; every effort should be 
made to avoid any additional trauma. 


Harold L, Toss, Danville, Pa.: Total Hysterectomy.— A total hysterectomy was 
said to be tho operation of choice in malignant processes involving tho fundus of 
the uterus. A simplification of this procedure has been advised. A facilitation of 
this has been done by the use of a long-handled knife and a right-angle clamp. 
The mortality rate of total hysterectomy can be lowered by .such a procedure. 


XS V Portmann, Cleveland: Classification of Primary Cases of Cancer of the 
Breast.— The most important factor governing prognosis and indications for dif- 
t therapy is thought to he the extent of iiuoivcinent. Thi.s can be determined 
teren gf clinical and pathologic manifeatations. A classification for 

by recog cmeer of the breast was presented on clinical and pathologic 

primary oases or t.iui-w 

infoimation. 

Adair, Nc"’ Tork: The Bole of Surgery and Eadiation In Cancer of 
Prank • ^ of 7,215 eases of cancer of the breast (rented at (he Alenio- 

the Breast.—. York was presented. An evaluation of varioij.s incdinds of 

rial Hospitoi in J- 6 ^ radium, and surgery, was made. The results ohtaimni 
treatment, ^g(.j,od's has brought about a tendency among many surgeons 
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no deaths occuned in the gioup. Of 39 cliildien who had fully de\ eloped strictures 
ivhcn first seen, 4 died following esopliagoscopy, one of an esophagotraclieal fistula, 
one of peritonitis folloiiing gastrostomy, one suddenly folloiiing gastrostomy, and 
one of pneumonia. 

Samuel Iglauer, Cincinnati: A Case of Myoblastoma of the Larynx—Iglauer 
presented a case of this type of tumor of the larynv and summarized the eight 
cases piexiously reported in the literature. The neoplasm iras a pedunculated tu- 
mor uitli its pedicle between the arjtcnoid cartilages. The e\act diagnosis was 
made onh alter the tumor had been remosed and evamined microscopically. 

Fletcher D. Woodward and William W. Waddell, Jr. (bj invitation), Char- 
lottesville, Va.; Bronchoscopy in the Newhom, — The indication for bronchoscopj’’ 
in the new born exists after the usual piocedures liavc failed to cither clear the lung 
or establish a diagnosis. By a senes of case leports the authors demonstrate that 
the procedure mu) be done with safety and benefit to the patient and, consequently, 
should he used moio fiequeiitlj. Aspiration of secietions in eleven of seventeen nevv- 
hom infants, two of them piematuie, resulted in immediate lelicf of symptoms. In 
the remainder of the lU’-es the procedure aided in establishing the diagnosis. In one 
of the infants, a four pound premature one, the diagnosis of congenital absence ot 
tile left bronclius and left lung was coiroboiated by a bpiodal instillation of 2 c.c. of 
the oil through tlio hirv-nx, the oil subsequently being aspirated broncboseopically. 

Kenneth A. Phelps, Minneapolis: Some Further Ohservations on Tuberculous 
Tracheobronchitis. — Phelps presents his opinions regarding trachoobionchial tu- 
heiculosis based on over 200 examinations made at Glen Lake Sanatorium in ad- 
dition to those pretented m pieviousl 3 - published works. He stresses the fact that 
the ultimate prognosis in each case is dependent upon the general tuberculosis 
outlook of the patient and not upon the local disease of the bronchus. He does 
not heiieve that collapse tUerapv is responsible for the tuberculous bronchitis, but 
rather that it is a tailuie of successful piilmonarv collapse and a cause of chron- 
icitv’ in pulmonary tuberculosis. In his senes the lesion occurred almost ex- 
ciusuclj- in nonieii, (13 to 2. The sanatoriiiin population was 52 per cent men and 
48 per cent women. The most reliable clinical signs of bronchial tuberculosis 
were found to be those due to an ohstructioii of the hronchus, naincl.v, a wheeze or 
retention svmptoiiis, and a positive sputum. Hoentgenologicallv-, obstructive 
ciiiphjseiiia, atelectasis, tennis hall cavities, bronchograms, and tnminogrnma gave 
evidence of bronchial tuberculosis Jtroncliieefasis was proved to e.vist in SO per 
lent of the eases and vvas suspected in 10 per cent more. Regarding therapy, 
Phel] )s states guardeiilj that local application of .30 per cent siKcr nitrate helps 
manv patients, .Some become sputum free, at least for a while, some breathe bet- 
ter .lad apicirentlv heal more qimkU. In his pvpeneiicc, local treatment of the 
(ilirotK stenoses In dilatation is not satislactorv . End result, of his senes are .33 
[ler (Out dead in five vears, 03 ]>er cent have chronic disease, and 0 per cent are 
well. 

Edward A. Looper, Baltiinore Bronchoscopic Involvement In Purpura Hem- 
orrhagte.a. -I.oiiper desi nbed the e.ise iif a male patient, .31 vears of age, who 
gave a histnrv id repelled attacks of lieiiioplv sis during the past seven months 
Taberi iiliisi', laabgnamv, and broneliiectnsis hail Iiecn fiispected but were not 
iniihrmed bv the broni lioseopie findings. Xmneroiis blond clots and mucus but 
no Iilceratioa- <>f the nnnoiis inenibnine iviTc seen, TJ,e patient died some months 
later, anil tie post mortem eMiminaiioii revealed the diagnosis to be purpura 
hi iinirrhagn .1 Tins rase was pre-ented to jdaee it on record ijs o,,,. of the cutises 
of iiiobagmi.cd iii'i". of sevtre piilinnimrv lieniorrhnge. 
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Othfi (Icp.utiiiontM «.(h the ovcpi.on of (ho department of chest suigcrj, nhieh makes 
its oiui bronclioseojne ex.uninations Prom a elinieal standpoint, eases of non 
spceifn esophagitis asso.iated uith anemia arc found to bo of pa-tituhr interest 
feiiiipson reiiened tins subject and added that the clinital picture is still as purdiiig 
Us i( \\i\h l\scn() fi\e ;vcjirs aj;o. 

r. W. Davisou, DaMMl/Cj P.a , presented a Ciise leport of a male, aged 70 jiears, 
uho lot three jc.iis had had a sensilion of fullness in Ins tliioat but had no real 
djsphagia 'tMicn g.igged, he regurgitated a long, pink, smooth mass of tissue one 
inch in ditinieter, nliieh hung down two inches below Ins chin Direct lar> ngoscopi 
showed that the pedicle was attached to the left I itertUl wall of the laringopharinx 
It was ligated and e\cised with the cutting cuirent It measured eight inches in 
length and one im h in niaximuiii ditinietei, .iiid histologn section showed it to be a 
tibrolipoma. 

Emil Lois Van Loon and Sidney Diamond (bj mutation), Philadelphia 
Eoieign Bodies in the Gastrointestinal Tract — Thei discussed the problem of 
management of foreign bodies which had reached the stomach or intestines, as il 
Uistrated bj analysis of the locords of ^So consecutnc eases of radiopaque foreign 
bodies in the stomach oi intestines seen in the Clieialiei Jackson Bronclioscopic 
Clinic at Temple TJniieisitj Hospital. Thiifj eight pet cent were in the stomach 
and 02 per cent in the intestine when iirst seen Of the more common foreign bodies, 
40 were stiaight puis, 40 coins, 40 open safetj pins, 20 closed safetj pins, 29 bobbj 
pins and 20 nails Host of the patients weie small children Nineteen (4S per 
cent) of the foitj with open safetj pins were infants less than one jear of age 
There was no moitalit} in this gioup of jS(> patients In 17 patients m whom the 
foreign bodj did not pass bejond the pilous, it was lemoied bj fluoroscopicallj 
guided open tube gastroscopi in J4 and bj external opeiation in 3. Diiodenotomj 
was done in 4 cases Penetintion of the g.istric oi duo.Jeinl wall bj the point of 
the foreign bodj' led to lap.aiotomj in 5 cases In onli one of these cases had per 
foration been acoompaiiied bi siniptoms of the pcrfor.ition, but the diagnosis had 
been established roentgenologically in each instance 

L. Chester McHenry, Oklahoma Citi Two Cases of Mediastmitis Following 
Esophageal Eoreign Bodies— Two patients weie piescnfed, each of whom had had 
evidence of ceivic.il niediastiiutis upon .idniisMoii, following .ittemptcd swallowing 
of bones External siiigical dram.age was neecssaiv m each case, and, although a 
veij storrav clinical couise ensued, both eventualh completelj recovered In neithci 
instance was the foieign bodj lecoveied The aufhoi stiessed the impoit.aiice of 
ohemotherapj m the management of these pitieuts 

Sydney S. Gellis (bv invitation) and L. Emmett Holt, Jr. (bv invitation), 

It p The Prophylaxis of Lye Strictures of the Esophagus. — Gclbs and 
describe the technique and results of the Sabor method oi the Iroitmeiit of 

i of the esophagus as loutineh emplojod at the Harriot Lano Homo. Im 
Ije to jicutriliro the vorrosive vvjtli weik .u id, and visible 

mediate a ®’"t jocalh. Dilatations aie stated with bougies in the form of '■oil 
burns .ire trea ^ to SO Erench, tapered and closed, filled with small lead shot, 
rubber cat lO d.aih and are begun at once unless there is gre it swelling of the 

Dilatations Po postponed no more than three or four dns The child 

fauces, when t loj osturo during dilatation Dihi.itions are done d.iilv for two 
IS held in f sitting juq weeks, twice a week for two nioiifhs, oni e a 

weeks, three 'and' two or three times •, jeir foi spmr.il jears Of II ihil 

month for .,oooriling to ,‘tal/ci 's method, onlv one developed a striitiirc 

dren adcquatel.' trev ei ‘ ^^^t C developed strictures Nut a single iiMidcnt and 

Oj U who received no 
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no dentils occuired in tlie group. Of 39 childjen who had fullv developed strictures 
iNhen first seen, 4 died following esophagoscopy, one of an esophagotracheal fistula, 
one of peritonitis following gastrostomy, one suddenly following gastrostomy, and 
one of pneumonia. 

Samuel Iglauer, Cincinnati: A Case of Myohlastoma of the Larynx.— Iglauer 
presented a case of this type of tumor of the larynx and summarized the eight 
cases previously repoited in the literature. The neoplasm was a pedunculated tu- 
nioi with its pedicle between the arytenoid cartilages. The exact diagnosis was 
made only after the tumor had been removed and examined microscopically. 

Pletcher D. Woodward and William W. Waddell, Jr. (by invitation), Char- 
lottes! iiie, Va.; Bronchoscopy in the Newborn. — The indication for broncho.scopy 
in the newborn exists after the usual piocedures have failed to either clear the lung 
or estahlish a diagnosis. Bj' a sciie."- of ease reports the authors demonstrate that 
the procedure may he done with safety and beneht to the patient and, consequently, 
should he used more fiequently. Aspiration of secretions in eleven of .seventeen new- 
hoin infants, t«o of them premature, resulted in immediate relief of symptoms. In 
the remainder of the ca'-es the procedure aided in establishing the diagnosis. In one 
of the infants, a four pound piemature one, the diagnosis of congenital absence of 
the left bronchus and left lung nas coiioborated by a bpiodal instillation of 2 c.c. of 
the oil through the larynx, the oil subsequently being aspirated bronclioscopically. 

Kenneth A. Phelps, Jlinneapolis: Some Further Observations on Tuberculous 
Tracheobronchitis, — Phelps presents his opinions regarding tracheobronchial tu- 
berculosis based on o\ er 200 examinations made at Glen Lake Sanatorium in ad- 
dition to those presented in picviously published works. He stresses the fact that 
the ultimate prognosis in each case is dependent upon the general tuberculosis 
outlook of the patient and not upon the local disease of the bronchus. He does 
not belie! c that collapse therapy is responsible for the tuberculous bronchitis, but 
rather that it is a faiiuic of successful pulmonary collapse and a cause of cliron- 
icity Hi pulmonary' tubciculosis. In liis senes the lesion occurred almost ex- 
elusucly HI women, (i3 to 2, The sanatorium population was 52 per cent men and 
48 per cent women. The most reliable clinical signs of bronchial tuberculosis 
were found to be those due to an obstruction of the bronchus, namely, a wheeze or 
retention symptoms, and a positnc sputum. Roontgenologically, obstructive 
emphysema, atelectasis, tenuis ball caiities, bionchograms, and laminograms gas e 
eiidenee ot bronchial tubciculosis. Bronchiectasis was prosed to exist in 80 per 
cent of the cases and was suspected in 1C per cent more. Regarding therapy, 
riielps states guardedly that local application of .30 per cent silver nitrate helps 
many patients, .Some become sputum free, at least lor a while, some breathe bet 
tei and apparentlv heal more quickly. In his experience, local treatment of the 
fihrutic stenoses by dilatation is not satisfactory. End result., of his senes are 31 
per cent dead in file years, G.3 per cent have ehroiiic dise.ase, and G per cent are 
well. 

Edward A. Looper, Baltimore: Bronchoscopic Involvement in Purpura Hem- 
orrhagica. — I.imper desc ribeil the case of a male patient, .'tl years of age, who 
gave a liistorv of repealml attacks of hemoptysis during the past seven months. 
Tuberculosis, maligiiaiicv , and bronchiectasis had I>een ,suspec1od but were not 
c/mlinned li\ the brom Imscopic findings. Numerous blond clots and mucus but 
no iilct‘rations ot the iniieous membrane were seen, Tlie juitieat died some months 
later, and the post mortem examination revealed the diagnosis to be purpura 
heinorrhagii a. Tins ease was presented to plaee it oa record as one of the causes 
of undiagnosed lases of severe ]ialmonary hemorrhage. 
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Bespiratory Tract Hemorrhage , 
riin^ ) ProhlcmpTi,e author presented a general consideration of hemor 

gc from flic lespirafory tract, placing special emphasis on diagnosis hy meani 
of hronchoseopic c.x-amination. In most instances the location and cause of the 
looting IS revealed, but m some cases all present methods fail to reveal the 
ctiologic factor, the hemoptysis remaining nne.vpinined even on post-mortem ex- 
uiiiinutiojj jji i*tur i/jstrtiice.'j. 


Bohert L. Moorhead, Brooklyn, y, V.: Foreign Body in Bight Upper Lohe 
Bronchus for Two Years.-A foreign body, a latlier’s nail, n-as found in the right 
upper lolio bronchus of a draftee referred for examination of the chest because of 
a chronic cough. Bronchoscopic attempts at removal u-ere unsuccessful because 
of the angle of the nail in the upper lobe bronchus. To facilitate removal of 
the nail, an artificial pneumothorax was instituted, straightening the bronchus and 
allowing free extraction of the foreign body. Recovery was complete and un- 
eventful. 

In the discussion, A, H. Andrews, Jr., Chicago, warned against the use of tliis 
method in cases of foreign bodies with the point downward and the head fixed in 
edematous bronchia! mucosa due to the possibility of perforation of the lung by 
the point with a resultant empyema. 


M. C. Myerson, New York City: A Bronchoscopic Diagnostic Sign for Pleural 
Cavity Lesions. — Jfyerson luis noted varying degrees of passive congestion in 
circumscribed areas of the bronchial tree during bronchoscopic examinations of pa- 
tients with lesions in tlie pleural cavity. This bronchoscopic finding is offered 
•as a now diagnostic sign. 


William A. Hudson, Detroit: Carcinoma of the Esophagus; Some Observations 
With Two Case Eeports. — Hudson piesented two cases of postcricoid carcinomas 
of the esoidiagus which were seen relatively early. In the first a laryngectomy 
was done and the tumor removed in its entirety. While still further plastic re- 
pair is contempiated, the patient is alive, well, and happy three years after the 
operation and has maintained lier weight. In the second case, with a lesion 
similar to that of the first, the patient refused the extensive .surgery recommended 
and has had a recurrence of her lesion in the larynx itself, the area the patient had 
refused to allow to be rumor ed. Hudson stre.sses the importance of the removal 
of the entire laryii-x as well as the esophagus when the common partition is in- 
volved. 


William A. Dell, Philadelphia, Pa.: Bronchoscopy as an Aid in the Treatment 
of Allergic Pulmonary Disease.— The author pointed out that bronchoscopic n.spira- 
tion of patients in status astbmaticus is associated with remarkable relief. It 
aids diagnostically through direct inspection, ruling out lesions such ns foreign 
bodies and tumors which may simulate statu.s a.sthmnticus. An aid in froatmeiif 
is the collection of uneontaminated bronchial secretions for Imeteriologic study 
and preparation of an autogenous vaccine. The lesults of a large series of cases 
treated bronclioscopically were reviewed and pathologic cimngo.s- it, the lungs, ns 
observed at autopsy in five cases, were presented. 


At a combined meeting of the American Broncho-Esophagologlcal Association 
n (10 American College of Chest Physicians, held Motiduy afternoon, June S, 
'""1; rhe chairmanship of W. Likely .‘limp.son and .7. Winthrop Peabody, prc.si- 
dents respectively of these two org.anirafioiis, the following papers uero pro.senled. 

• TT Clerf and C. J. Bucher (by invitation), Pliiladelpbin, Pa.; Adenoma 
(IVtoeT'^iiuor of the Bronchus) .—Of a total of 37S eases of primary bronchial 
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Robert E. Rarnsh, Ran Antonio, Tevas- Respiratory Tract Hemorrhage a 
Bronchoscopic Problem. — The autlioi presented a general consideration of hemor 
rJiago from the lespiraton tract, placing special emphasis on diagnosis by means 
of bronciioscopjc evamination. In most instances the location and cause Of the 
blooding is reieaiod, but in some cases all present methods fail to reieal the 
etiologic factor, the hemoptisis remaining nnevpiained eien on postmortem e\ 
amination in a fci\ instances 


Robert E Moorhead, BioolJm, AT. V; Poreign Body m Right Upper Lobe 
Bronchus for Two Years. — A foieign body, a lather’s nail, nas found m the right 
upper lobe bronchus of a draftee leferrcd for examination of the chest hecause of 
a chronic cough. Bronchoscopic attempts at removal were unsuccessful because 
of the angle of the nail in the upper lobe bronchus. To facilitate removal of 
the nail, an artificial pneumothorax was instituted, straightening the bronchus and 
allowing fiec extraction of the foreign bodj. Recover.!' was complete and un 
cv ontful 

In the discussion, A. H. Andrews, Jr., Chicago, warned against the use of this 
method in cases of foreign bodies with the point downward and the head fixed in 
edematous bronchial mucosa due to the possibilitv' of perforation of the lung In' 
the point with a resultant empyema 


M. C. Myerson, New York City: A Bronchoscopic Diagnostic Sign for Pleural 
Cavity Lesions. — Jf.v erson has noted \ arnog degrees of passiv e congestion in 
circumscribed areas of the bronchial tree during bronchoscopic examinations of pa 
tients with lesions in the pleura! cavitv'. Tins bionchoscopic finding is offeicd 
as a new diagnostic sign 


William A. Hudson, Detroit Carcinoma of the Esophagus; Some Observations 
With Two Case Reports. — Hudson picsented two cases of postcncoid carcinomas 
of the esophagus which weie seen reiatixelj carix In the first a larj ngeetomj 
was done and the tumor renioied in its entiietj. While still further plastic re 
pair IS contemplated, the patient is ahxe, well, and happj three jears after the 
operation and has maintained her weight In the second case, with a lesion 
similar to that of the first, the patient refused the extensile surgery recommended 
and has had a recurrence of her lesion in the larvnx itself, the area the patient had 
refused to allow to be removed Hudson stresses the importance of the remoinl 
of the entue larynx as wei! as the esophagus when the common partition is in 

V olv ed. 


William A. Lell, Phiiadelpliia, Pa ' Bronchoscopy as an Aid in the Treatment 
f Allergic Pulmonary Disease —The author pointed out that bronchoscopic aspiva 
° f patients in status asthmaticus is associated with reniaikahle relief It 
1 agnostically through diiect inspection, luiing out lesions such as foreign 
aids |„n^ors which mav simulate st.itus asthmaticus An aid in treatment 

bodies an nncoutaminated bronchial secretions for b.icteriologic stud.v 

IS the CO autogenous vaccine The lesults of a large senes of cases 

and prepara reviewed and pathologic changes lu the lungs, as 

Ibived Tautopsy m fne cases, were presented 


1 meeting of the American Broncho-Esophagological Association 
At a com me gf Chest Physicians, held Mmidav afternoon, .luiie ft, 

and tb® Amencan LiKclv fumpson and .T ■Winthrop I’eabodv, presi 

under the chairma" organirntion-, the foihnimg papers were presented 

dents respectively oft”' 

1 C J Bucher (bv invitation), Philadelphia, Pa.- Adenoma 
IiOlUS S' -Bronchus)- — Df ‘v *‘’*‘** eases of pnmarv bronchial 

(Mixed Tumor of the 
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Eoentgen Treatment of Injections H\ .Tjuir-- 1’ KcIIj, M D . .im! I) Vrnold 
Donoll, D. rioth I’p. with 11.’2 illii'-t ration' C'Iiil.ioo, UMX’, Tlie I ear 
Book Pubh'lier-. 

this readable Iiook etiiaiiaU' ciill’U'iti'iii tor tbe u'o of roentgen tlier.ipi to a 
degree not 'uiiporled In nio't plij 'leiaii'- Tliere tire '■o\ei.il 'Cetioii' iMtIi winch 
general agreement aill bo found, «ncli to- those dealing with treatment of Mippura- 
ti'C parotitis and crjsipelas, but in regard to g.is Ivn illiis nifeitioii, peritonitis 
folloning appendicitis, and pneumonia, the book is far le«s con\inciiig. With 
regard to gas bicillus infet tioii, inadeiiiiale loiitroK are gi'en, cither in treatment 
of the de\ eloped disease or in pro[dnla\is The ligiires to support the argument for 
the efluaej of roentgen therapj are drawn from diflioiciit eiris .md aioas and from 
difTerent tjpes of aciessorj treatment and authors, from the so called “loatrol” 
ob'enations In the treatment of peritonitis following appciulii itis, the figures are 
also UHcoiu incing, for, although the mortaliti rates for peritonitis treated with 
supportue measures and roentgen radiation are icri little higher than a recent 
report on results using coiiscnatne nicasuros alone, the control group showed 
aiortaliti rates so unusualB high (65 per cent ) that one is led to doubt the ^nUlO 
of the comparison. In regard to the treatment ot pneumomn, indmdual cases are 
presented without control data, and one is at a loss to decide for him«elf the \alue 
of the therapj . 

Despite these ob-)cctions, the volume is verv readable, and it provides a refer 
ence book of details of treatment which should certaiiilv be borne in mind in the 
further evaluation of roentgen therapj of infections 


The Management of Practures, Dislocations, and Sprains By John Albert Kev' 

and H. Earle Convvell. Ed J 130J pages, 1259 illustrations St. Louis, 1912, 

C. V. llosbj Companj-. 

All surgeons familiar with the previous editions of tins eminentlj successful 
lext, appearing in 1934 and 1937, will undoubtediv receiv e the third edition with 
eagerness and enthusiasm. The book is divided into two parts and arranged in 
a manner similar to that of the previous editions However, manj of the chap 
ters have been eompletelj revised and rewritten with the inclusion of more mod 
ern concepts of therapj and current and tinielv considerations of certain tjpes of 
injuries. Thus, the chapter on Compound Eractures includes a new section on vrar 
injuries Moreover, the therapeutic considerations in this chapter have been 
eompletelj' rewritten to conform with the cuirent concepts based upon the use of 
the sulfonamides. Noteworthj changes have also been made in the chapters on 
fractures of the humerus, hip, foot, and on injuries of the spine, in which is in 
eluded a section on lesions of the intervertebral disc and of the hgamentnni 
flav um. In general, the book is an authoritativ e, comprehensiv e, and up to date 
consideration of the subject, and in view of the current conflict, in which such 
conditions assume greater significance, the book will be receiv ed with ev en more 
enthusiasm than the prev lous editions 
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Paul H. Holinger, Cluciigo, Illinois- Kodachromc Visualization of the Physi 
ology and Pathology of the Tracheobronchial Tree. — Coloi motion inctures taken 
tlaoiigli the brondioscopo ueio used to dcinonstrnte i.irious plijsiologic phenomena 
uliieli ouui m the norm.il hromIii.il liee The film presented showed tlie increase and 
decroise m the diameter of the bromlii as well as the lengthening and shortening 
wliieh oecuis with lesjiit.ition Bi means of foreign bodies introduced into the 
bronehi of anesthoti/ed dogs, i.iiioiis obstnietne phenomena were illustrated The 
lueehaiiism of a whee/e, of the cheek i ah c and Inlliahe obstruction, and of com 
pletc obstiuctioii piodiicing atelettusis were shown -is thej appear bronchoscopicall) 
To ilbistiatc these i.inous phenomena in the human being, the traehei and bionchi 
of p-itieiits with obstiiK ting lesions were photogiaphed bionchoscopicallj Bronehi 
citasis, .isthnia, pulmonaij adenoma, and bionehogenic tarcinoma haring distinct 
bront hoscopic featnios sened to demonstrate the physiologic and pathologic proicsscs 
of the bronchi 

The camera dcriscd lor Ibis endoscopic photography consists of a magazine 
loading It) mm earner,! and an f 2 7 tin ce inch lens Illumination of the small 
endoscopic field is obtained by directing the image of the ribbon of a ribbon filament 
projection lump onto a forty fire degiec mirroi which eneioaches on the lumen of the 
endoscope This ty-pc of avial illumination prondes adequately the illumination 
essential to colni photogiaphy A specially constructed telescope inseited into this 
system permits Msualization of the field being photographed not only during the 
finding but also during the actual filming 
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Roentgen Treatment of Injections Bj .tiinu"- I' KclK, If I) . atid 1 ) Arnold 
Dowtll, It I) cloth. I’ji. ) 1 ; 1 J lIIu-tr•ltIl>ll•^ Chn.igo, ItMd, The Voar 

Boolv Puhli^her" 


Thi'j reulalde book omnnnti'' end u'-io'-m tor the ti'-e of loeiilgen therapj to a 
degree not ‘'iipported bj iiiO'-t plij viciaii*-. There are •-ever.il seetion-- with which 
general agreement will lie found, >-11111 as thosi dealing with tieatincnt of siippura- 
ti'c parotitis and crv-ipelas, hut in regard to g is biiilliis infeitioii, porilointis 
following appendicitis, and pneuiiionia, the book is f.ii loss convincing. With 
regard to gas badllus infeition, inudeipiate (onfrols ,ire given, either in treatment 
of the dev eloped disease or in [iropliv ki\is The figures to support the argiiiiicnt for 
the efheaev of roentgen tlierapv arc drawn from iliflierent eras ami areis and from 
different tv pcs of nvccssorv' treatment and authors, from the so called “lontrol” 
oh-ervatioiis la the treatment of ])eritonitis following appcndnitis, the figures aio 
also tmeonv ineitig, for, although the nioilalitv rales lor peritonitis treated with 
supportive measures and roentgen radiation are verv little higher than a loeont 
report on results usuig eoiisoiv ativ e measures alone, the control gioup showed 
■uortalitv rates so unu«uallv high (01 per cent) that one is led to doubt the value 
of the comparison In regard to tbe frentniciit of pneumonia, individual cases are 
presented without control data, and one is at 11 loss to detido for himself the value 
ef the therapv. 


espite these objections, the volume is veiv leadalde, and it provides a refer 
eact hook of details of treatment whieb should certainly be borne in mind in the 
urtier evaluation of roentgen tlicrapj of infections 


Management of Fractures, Dislocations, and Sprains. Bv John Albert Key 
p”,.® Earle Conwell. Ed. 3. 130.5 pages, 1250 illustrations St. Louis, 1042 , 

' . Mosbv Company, 

surgeons familiar with the previous editions of this ernincntlj successful 
jg ’ '*’’P®'*ring in 1934 and 1937 , will midoubtedlv icveive the thud edition with 
a ^®rness and enthusiasm. The book is divided into two parts and arranged in 
ters h that of the pievious editions. However, manv of the chap 
ern Been completely revisevl and rewritten with the inclusion of more mod 
therapy and curient and timelv considerations of certain tjpes of 
'ujuries chapter on Compound Traetuics includes a new section on war 

eomplet 1 t^e therapeutic consideiations in this chapter have been 

t^8 sulf ^ '■^written to conform with the cuiient concepts based upon the use of 
Koteworthy changes have also been made in the chapters on 
eluded bumenis, hip, foot, and on injuries of the spine, in w Inch is in 

^'uvuia on lesions of the intervertebral disc and of the liganientiim 

uoasider 5 ®“®’'^!, the book is an authoiitative, comprehensn 0, and up to date 
conditio subject, and in view of the current conflict, in which such 

onthiteio"^ ussume greater significance, the book will be received with even more 
sro than the prev ions editions. 
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Surgical Physiology. By Jo.seph Nash, M.D. 
1042. Charles C Tlionias. .$6,00. 


Eel. 1. Pp. 496. Springfield, 111., 


T his book might ivoll be called a ie.xtbook of physiology for surgeons. It deals 
with physiologic processes of special intere.st to the surgeon. The practical .aspects 
of pathologic physiology are emphasized, yet rightfully the author expends greater 
time .and .space in interpreting normal physiologic processes. As far as this re- 
rica'cr s e.vporienco goes, a text ju.st like it, covering the broad field of physiologic 
proecs.scs in surgery, has never appeared previously. Host’s Pathological Physiology 
of Surgical Piscases had a distinct!}' more clinical and less physiologic viewpoint 
than that reflected in this book. It is evident that the author of this monograph 
iia.s a valuable background of training in the teaching of physiology. Non- that 
he has identified himself with clinical surgery, it i.s to be hoped that in successive 
editions he will be enabled to bridge even more usefully the rather broad gap still 
existing between the discovery of physiologic fact and its adoption in practice in 
the clinic. 

This is a useful and important book. It can be recommended enthusiastically 
to surgeons. A careful perusal of it will he);) surgeons to a better understanding 
and interpretation of normal and disturbed physiologic processes and thereby make 
them better surgeons. 


Diseases and Injuries of the Larynx. By Clievalier Jackson, and Chevalier L. 
Jackson. Cloth. Pp. 603, with 200 illustrations. Philadelphia, 1942, W. B. 
Saunders Company. $S. 


When Jackson and Jackson, in 1937, published their first edition, it received a 
warm welcome and was readily .acclaimed the best book on this subject in the 
English language. 

The authors now have published their second edition which incorporates much 
of tlie first plus the added developments in the field of laryngology up to the pres- 
ent time. 

Every phase of laryngology is discussed in that typical and thorough style 
which so characterizes the Jack.sons, Therapy and surgery for all conditions per- 
taining to the Larynx are discussed at length .and the new King operation for bi- 
lateral recurrent paralysis is given due recognition. 

Probably one of the most interesting chapters in this book is the one on war 
surgery' of tlie larynx which discusses all laryngeal trauma of war as well as of 
industrial and accidental surgery. This particular chapter should be read bj- every 


Ti's work is an outstanding contribution to laryngology by men whoso clinical 
experience and scientific research eminently qualify them to produce such a innstor- 

picce. — 


j nfUer Malignant Lesions of the Stomach. By Wnitman Wnitcr.s, 

carcinoma and Gray, B.S., M.D., M..S., and James T. PriesUy, B..^., 

B.S., M.IL, ' yfayo Foundation, Roche.ster, Jfuiii. Ed. 1. Pp. 

M.D., " phistrations. Philadelphia, 1942. W. B. Saunder.s Company. 

576, with 141 

niarizcs the experience of the Mayo Clinic with the imin- 
This monograpi s stomach over a forty year iiilerial {1997 to 196S). 

agement of caroinom.a patients with cancer of the stomach were .sub- 

During ikat jef’O' ” was done in 2,772 or 44.4 per cent of the pnticnt.M 

mitted to operation- fi,e re.section groiij) was 10.2 per cent, a remark- 

The nJ ‘ , -ears of treatmcrii under diHcupsion. This in an 
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iiceomplislimeiit, for tlio period, ^sIliph e\cel« the lio'-t perfoniiiuico of Americuti 
'iirgical clmico in (lealiti;; witii eatieer of the ‘.tonuich, speaking: ulotpicntly for the 
high 'taiulard of tlic 'iurgery e'-laldished l>y the i^^aJO Inotiiers. At the present 
time, it should lie remarked that this record of acconiplisliincnt is being equaled 
and surpassed today in many surgical clinics in America, affotding proof that 
surgery is being improxed, not alone by progre-s within the specialty itself, but 
also through new diseoi erics in related fields. 

Perhaps the most ^nluable portions of this monograph are the detailed tables 
in the last section of the book, detailing the \anons factors which hear on opera- 
Inhty mortality, and prognosis. Whereas oiih' (>2 pei cent of patients obsersed 
to ha\c carcinoma of tlie ptomacli sur\i\ed fi\e .\ears, the writcis found Hint 2S.G 
per cent of the resection group sur\i\ed for live jenrs; at ten vears, 20..‘t per cent 
uere still nine; at fifteen jenrs, l.’i.a per eoiil, niid n( twentj je.irs after resection 
there were JO.-l per cent surviving. This table (page ."il,")) gives ndccpiatc proof 
of the curabilit.v of favorable tv pcs of eancer of the stomaeli. 

The authors have a mimbcr of collaborators vilio help to complete tlic surgical 
picture of the disease, cinplinsiring the current practices and teachings of the 
Mavo Clinic group with reference to onreinomn of the stomaeli. Kspeclallv valu- 
nble chapters are contributed b.v .'snoll, Rroders, yfacCarfli.v, and Berkson. 

The statistical analysis of this material from one clinic constitutes an impor- 
lant contribution to the .surgical literature of cnreiiiomn of the stomach. 


Skin Grafting. B. C. Padgett. IJtt pp , S" illustrations, .“springficld, Ilk, 1042 . 

Charles C Thomas, Publisher. 

This small monograph b.v Dr. Padgett is a vcr.v vvclcomc and admirable ad 
dition to the literature of the .subject of transplantation of skin. In eleven 
yi'cll chosen chapters, the author truces briefl.v the historical aspects of skin graft- 
the important item of homotransplantatioii, and the histology of grafts, as 
''"ell as the various t.vpes of skin grafts and the problems incidental to the v’arious 
Sites to be giafted and tsTies of grafts employed. 

The author’s own very important contribution to skin grafting, the dermatome 
and its use, is well described. XJnqviestvonablj , tins is one of the best books that 
as ever been written on the subject of skin grafting. It is recommended en- 
thusiastically to all who concern themselves with this interesting and important 
phase of surgery. 


Diseases of the Thyroid Gland. Bv Arthur K. Hertrler. 670 pages, with 354 illus 
trations. IS’-ew York, 1941, PauI B. Hoeber, Inc. -rS 50. 

As the author states, this book is a record of his studies of diseases of the 
thjroid extending over a peiiod of nearlv" fifty years. There are few doctors who 
lave studied their cases as carefully fiom the point of diagnosis, pathology, and 
treatment. One may not agree with the author’s ideas concerning the histologv 
'Various diseases of the thyroid gland nor his recommendations for total 
yroidectomy; howev-er, for the most part, his ideas of treatment are more or 
ess along the generally accepted, lines and the book is an acceptable rev lew of 
fl’seases of the thyroid. 

^ There are some objections that might be voiced against a medical book of this 
. pe. While “slapstick” humor may be part of one’s per-ionahty, too much of 
‘ in a medical book is not only tiresome but also detracts from the dignity of 
® '■olume. Also, in writing a book on a medical subject, one should express him 
'elf chiefly as an authority of the medical subject at hand rather than a prophet 
matters of religion, politics, or social conduct. When the author makes such 
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jfnfomoiifs !is “I hii\c done ni.iin tin roidectomios mthout an} steiile sheets”, 
the face mask lias loi ils tlnet purpose to eoiei the opera toj ’s emhannhtment 
at Ills ignoi nice of .iimlonUj” one is tempted to remind the author that hafoie 
tlic flats of asoptie stirgeij patients often recot ered from opeiatioiis 

Ihc jnnituif; and lUustiatioas aie evcelicnt; the onl;i flan in the printing occurs 
on page 515 la the discussion ot "toxic crisis ” A workable index is appended 


Wounds and Practures. A Clinical Guide to Civil and Military Practice. B3 H 
Winaett On, M D,, F.ACS, Js’ebiaska Orthopedic Hospital Po 227, illus 
trations d.S7. Spnngfieid, III , Charles C Thomas, Piiblishei $5 00 

In this monogiaph the author sets forth his ideas couceimng the tieatment of 
uountls of the oxtiemitics His method of management of compound injuries of 
the extremities has become noli known and is practiced uidelt The text is 
essential]} a digest of the autlioi ’s own experience. It is in no sense a oorapre 
heiisno treatise on wound management Eien in the author's own province, the 
work of V Bergniann (H74) and F E Dennis (ISSf), the Amcricin surgeon, is 
not mentioned The latter authoi treated compound fiactuies h\ immobilization 
in plastei as long ago as 1SS4, and w.ss then able to lecoid 154 cases without a 
death from septic infection .md 100 cases without a death from anv cause Quite 
a lemaikablc achievement The author gives no attention to the impoitant item 
of pli}sical factors concerned in the nianagenient of infection Purthei, there is 
no account of the use of the sulfonamides in the tieatment of infections ot the 
extieniities, a rather sciious omisMon 

Nev eitheless, this text affords the geneial surgeon and the oit/iopedisi an oppor 
tunity to become familial with the latest comprehensive expiession froni H W Orr 
on wound management A useful refeiencc list of his own wiitmgs on the subject 
IS appended. The On method, in the hands of those familiar with its use, has sued 
tnanj lives and constitutes an impoitant agenej in wound nnn.ageriient The 
book can be recommended as constituting an excellent simmiar} of On ’s teach 
mgs and practice 
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12 DnccMur-R, 1942 

Original Communications 

ligation op the patent ductus arteriosus 

A Report of tue R!>uets ix Sevex C \ses 
George U. HuMPiiREyF, M.D., New York. N. Y. 

(From the Department of Ftirgcrp, Dahici< llospilal, and of tin Collcoe of 
Fhysxcxaiw txixd Sur<7con<x, Cohtmbxn rnxxrr\xti/) 

^HE povsibility of successfully obliterating by surgery a ductus 
arteriosus wliieh has reinaiued jjatont beyond the neonatal period 
established over two years ago by Gross and Hubbard. The number 
of reported eases iu which the procedure has been carried out is, how- 
srer, still small. As a result the risks of the procedure as well as its late 
results are still a matter of some uncertainty, and the indications for at- 
tempting it are not yet generally agi'eed upon. Since clarification of 
these points can come onlj" through accumulation of experience, it seems 
worth while to present case reports, to review the reasons for opei-ating, 
and the results obtained. 

of these patients were children between 9 and 13 years of age. 

They 

were selected from a group of trventy children iu which the diag- 
nosis of patent ductus arteriosus without other cardiovascular anomaly 
imd been made, which had been referred for consideration of surgerjE 
-^1 were thought to show evidence that the continued patency of the 
ductus was resulting in deleterious effects, and two had ertdenee of com- 
plicating subacute blood stream infection. The first patient was not only 
poorly developed and nourished, but had had evidence of diminished 
cardiac reserve for several years, with one episode of mild congestive 
failure. The second patient also showed diminished cardiac reserve but 
Without failure, and in addition had a long record of recurrent respira- 
tory infection, with poor appetite and nutrition though normal develop- 
ment. The third patient had a similar record of repeated respiratory 
i^eetion, poor appetite and nutrition, but normal development and 
^le or no diminution of cardiac reserve. The fourth and fifth patients 
Receives for publication. May 1. 1912 
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stntomojils .-is “I Juno done in inj tli^ loideetomies \\itIiout anj sfenie sheets”, 
the /.iLO niaslv Jms for its chief piiipose to cover the operator’s embarrassment 
at )iiH ifirnoi nice of .iii.itomv one is tempted to remind the author that before 
tlio d.ns of aseptic snigeiv patients often recovered from operations 

The piiiitiiifj and ilhisfiations are exceiJont; the ontv davv in the printing occurs 
on page .iTi in the discussion of ''toxic crisis ” A vvorhabJe index is appended 


Wounds and Practiires; A Clinical Guide to Civil and Military Practice J3i H 
Wiiinotl On, j\r D , r.A.CS, A’^ebiaska Oitliopedic HospitaJ Pp 227, ilhis 
trations 337. SpiingtieJd, 111 , I9J3, Chailes C Thomas, Pubiishei $5 00 

In this monograph the author sets forth his ideas coiiceimng the tieatment of 
wounds of the extiemities His method of management of compound injunes of 
the exticnuties has become well known and is piacticed wideh The text is 
essontiallj' a digest of tlie aiitboi’s own expeiienee It is in no sense a compre 
heiisue treatise on wound management Even in the author’s own piovince, the 
woik of X Bcrgmann (1S74) and P E Dennis (ISSI), the Aniencaii surgeon, is 
not mentioned. The latter authoi tieated compound fractures b;v immobilization 
in plaster as long ago as ISSI, nnd was then able to leeoid 354 cases without a 
death fiom septic infection and 300 cases vrithont a death from anv cause Quite 
a leniaikable acliiev ement The author gives no attention to the impoitant item 
of phjsical factors conceuicd in the management of infection Purthei, theie is 
no account of the use of the sulfonamides in the tieatment of infections of the 
extremities, a rather seiious omission 

Nev ertheless, this text affords the general siiigeon and the orthopedist an oppor 
tuziitj to become familial with the latest eompiehensne expression from II W Orr 
on wound management A useful lefeience list of his own wntings on the subject 
IS appended The Oir method, m the hands of those familiar with its use, has sued 
man}' lives and constitutes an impoitant agency in wound management The 
book can be lecommeiided as constituting an excellent summnij of Orr’s tench 
mgs and piactice 
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Beginning in 1934, nt about the age of 0, she began to find it difficult to keep up 
with other children at play. Slio had occasional cpistaxcs and noticed increasing 
dj'spnea and preeordinl discomfort associated with palpitation on exertion. Because 
of these symptoms during the three years prior to admission she had been followed 
in the cardiac clinic of the Greenpoint Hospital, and liad been put in a special 
cardiac class at school. 

In March, 19.39, she lirst noticed ankle edema, with tcndcrne.ss on pre.ssure on the 
left. She was admitted to Greenpoint Hospital and while there an absce.s.s formed 
at the tip of her left great toe. This, broke spontaneously, discharged pus for a 
short time, then healed. .She was transferred on May 25, 1939, to Kings County 
Hospital. Physical examination at this time showed marked malnutrition, under- 
development, and a chest deformity of pigeon breast type, without otlior evidence 
of rickets. There was a continuous procordial thrill and loud continuous murmur 
with systolic accentuation. Her arterial blood pre.^sure was 90/38 and her venous 
pressure 170. The liver could be felt one and ono-Iialf fingers below the costal 
margin. X-ray of her chest showed an enlarged left auricle and ventricle and ac- 
centuated conus. 

On June 21, 1939, she was discharged for convalc.seence to Seaside Hospital, with 
a diagnosis of patent ductus arteriosus. She remained there, in bed, until Aug. 27, 
1939. During this time she ran an intermittent low-grade fever and showed a con- 
stantly elevated sedimentation rate (about 30 mm. per hour). tVasserniann was 
negative; Mantoux, positive. Urine and blood counts were not rcmiirkable. The foot 
showed variable swelling and tenderness but never redness, heat, or purulent dis- 
charge. Other findings confirmed tho.se noted at Kings County Hospital. She was 
discharged, Aug. 28, 1939. 

The patient was admitted to Babies Hospital on Sept. 11, 1939, for ligation of 
the patent ductus. Examination showed: Temperature ICC'’; sedimentation rate, 
49 mm. per hour; white blood count, 20,950; urine, negative; Mantou.v, negative 
0.01 Qm., positive 0.1 Gm.; blood pre.ssure, 95/45 (right arm); venous pressure, 95. 
She was a poorly developed girl, showing pronounced malnutrition, adenoid facies, 
and a narrow chest with pigeon bieast deformity of the sternum. Her feet were 
fiat and of peculiar shape; there was a scar on the terminal phalanx of the left 
great toe and the left ankle was slightly edematous. Her heart was sliglitly en- 
larged with an almost continuous thrill over the whole precordium, most pronounced 
over the third left interspace. Sounds over the right base were of fair quality, else- 
where they were obliterated by a loud “machinery” murmur with systolic accentua- 
tion. The systolic murmur was transmitted to neck and back. No cyanosis or club- 
bing were present. 

X-rays of chest showed prominence of pulmonary conus and accentuated broncho- 
vascular markings. Kymography and fluoroscopy showed pulsations of hilar shad- 
ows. X-rays of feet showed bilateral congenital anomalies of the third metatarsals. 
The right astragalus showed deformity and periosteal reaction of obscure etiologj'. 
Electrocardiogram showed no significant alteration from normal. 

Operation was done Oct. 3, 1939. A ductus about 1 cm. in diameter and 0.8 cm. 
long was doubly ligated according to the technique described by Gross. Endotra- 
cheal ether anesthesia was used. 

Postoperatively her immediate response was excellent. Twenty-four hours after 
operation she developed marked dyspnea due to laryngeal and tracheal edema as- 
sociated with profuse mucoid discharge. X-rays showed some density at left base, 
probably atelectasis. These symptoms subsided during the next three days. Her 
temperature varied up to 102° for the first four days, was normal after the fifth. 
The wound healed by primarj- union, stitches being removed on the sixth day. She 
was up on the seventh day, home on the twelfth. On discharge her heart showed 
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both sljoiied marked letarcJatioa of growth and development though 
their nutrition and cardiac reserve were not conspicuously affected. The 
fiftli patient developed a subacute blood stream infection and a recur- 
lence of patency of the ductus, for which a second operation was per- 
formed. The sixth patient showed poor nutrition, delaj'^ed growth and 
development, and frequent respiratory infectious, but little diminution 
of cardiac reserve. Subacute blood stream infection was the primary 
indication for operation on the seventh patient, who otherwise showed 
poor nutrition but little delaj'' in growth and no appreciable diminution 
of cardiac reserve. The factors which influenced the decision to operate 
are summarized in Table L 

The pAj'^sical signs and data obtained from x-ray, electrocardiographic 
and electrostethogi'aphie studies, on which the diagnosis in each ease 
was based, are described in the individual case histories. It is interest- 
ing to note that in several eases, one or more of the usual diagnostic 
criteria were absent, yet in every child explored a patent ductus was 
found. A low diastolic pressure was the most consistent finding. Studies 
of pulmonary ventilation and cardiac output were also made in several 
of these patients and will be reported in a separate paper. Associated 
skeletal anomalies were present in three children, and a congenital 
squint and torticollis were present in another. 


Table I 

SoiiitAEr OF Factors Ixfuiencino Decision to Operate 
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staph. 

oin-fii.'! 

Str. x'iridan.f 


CASE REPORTS 

Case 1 — ® ^2. was born at home on March 22, 1928, a normal full-torni delivery, 
cihp ,vas tlie si-xth of eight chiiaiew of an Italian laborer, whoso wife is also his 
noth p.'irents are in good health. The third child, aged 18 yc.-irs, is an 
""t the seventh child, aged 8 year.s, has celiac disease; the eighth child died 

imbecile, unhnown cause; the other four children are aoll and normal as 

at three mo Jinomi history of tuberculosis or heart disea.so in the 

fax as koo'™. Uio health of relativc.s in Itnly. 

family, but ^^-as uncomplicated. Shortly after her birth her motlier aas 

Her neonnta ^ ^ trouble for which nothing could be done. In spite of 

told that tlie ® ^ development was not retarded; she had no blue spclh, no 

this her early clul ygiiool. .Sim nenfc tiiroiigh moasic., 

cardiac S)iBpto“S, a® ^ ‘^pquclae, and had no joint pains or chnmic fever. Until 
chiekea po^ VI operation-s. 

the pveseni - 



HUJIPUnin'S: LIGATION' or patent ductus .irteriosus 


845 



Case 5. Case 7. 


2 — Tracings of roentgenograms to show changes m the size and shape of the 
;;,™'ac shadow following ligations in six patients The most striking change is a de- 
Lrease in the left ventricular shadov The "pulmonary conus” shadow disappeared in 
^ase 1, and decreased In size in Cases 2 and 5. but in Case 3 it became more con- 
spicuous and in Case 4 it appeared onI> after ligation Case 7 shoued none of the 
manges associated with a patent ductus, and changed \ery little folloumg ligation. 
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SUllGERY 


complete absence of the previous thrill and murmur. X-rays showed disappearance 
of the pulmonary conus bulge, no pnoumothorax, slight density at left base suggest- 
ing residual atelectasis, and bronehovascular markings less dense. X-rays of feet 
showed a new lesion im’olving the first left metatarsal. She was discharged, walk- 
ing, Oct. 15, 1939. 



1939 1940 




iv'*i 

J94} 

^4 A r^rf^sz^iure readlnf?s before operation, in the 
^ 4 chart of period ahowinp- the rc'^ponse to clfiht 

iKulse pressure louer 


Auousr u^t 

mi 
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dyspnea, orthopnea ami Rcneralizcd lympliadenopathy. Ills heart was enlarged out- 
ward and downward and showed niarhed tachycardia, gallop rliytlmi, a thrill over 
the entire prccordium, and a nmchincry-likc marniur at the base. At this time the 
joint pains, together with an x-ray cardiac shadow which was not considered typical 
of patent ductus, and the fact that both systolic and diastolic murmurs could be 
heard at the apex raised the question of a possible superimposed rheumatic Iieart 
disease. However, laboratory evidence failed to substantiate tliis. lie iraproved 
rapidly on bed rest and after being allowed up a week after admission it was found 
that arch supports relieved Ins leg pains. 

During tlie next two years his cardiac function remained mueli diminished, so 
that he could not climb stairs witliont marked dyspnea and was able to play no 
active games. He attended a cardiac class in school and efforts to maintain nutri- 
tion and general resistance were nnreraitting. In spite of this, though he grew and 
developed normally for hi.s age, his weight became increasingly below average for 
his height and age. 


He wa.s admitted to Bellci-uc Hospital on Dec. 2G, IDiiO, for ligation of the patent 
ductus. E.vamination sliowed: Temperature, 99°; pulse, 100; respirations, 22; 
Wood pressure, 110/50; height, 5 feet 4 inches; weight, S7 pounds. He was a 
swarthy boy, underweight but not undersize for his age, who showed some persistent 
niDcopunilcnt postna.sal discharge. There was no cyanosis, clubbing of fingers, 
e ema, or other abnormality' of abdomen or extremities. His heart showed diffuse 
enlargement witii the maximum impulse in the anterior axillary line in the fiftli 
intercostal space, forceful and much more prominent tlian normal. A systolic thrill 
was present at the second left intercostal space where a loud machinery-like murmur 
involving systole and diastole was heard. This murmur was transmitted throughout 
t le prccordium. The pulmonic second sound was loud. 

^-rays showed diffuse enlargement in all diameters, most marked of the left 
Tcnfriele. The left border was straight and steep, and both lungs showed congestion 
men did not show “hilar dance” on fluoroscopy. The superior mediastinum ap- 
peared broadened due to a prominent vena cava and ascending aorta, and in oblique 
Dews the pulmonary eonus appeared prominent but not the left auricle. Electro- 
cardiograms showed no significant changes, and elcotrostethograms showed a con- 
bsHous irregular murmur present throughout systole and diastole, heard with great- 
est intensity at the pulmonary area and transmitted to the apiex. 

Operation on this admission was deferred because on Jan. 2, 1940, he developed 
acute upper respiratory infection and on January 22, fever and deep jaundice, 
presumably catarrhal. This began to clear on January 29, and he wa.s discharged to 
a convalescent home on Feb, 7, 1940. 

Be was readmitted to Bellevue Hospital on April 23, 1940, for ligation of his 
patent ductus. His condition was essentially unchanged except for some gain in 
'veight and minimal evidence of re.spiratoiy infection. 

Operation was done April 26, 1940. A ductus about 1 cm. in diameter and 5 mm. 
g was exposed and doubly ligated with heavy braided silli according to the tech- 

mqne of Gross. Intratracheal ether was used and the patient stood the procedure 

well. 


ostoperatively he was comfortable though somewhat dyspneie for the first two 
®ys during which his temperature fluctuated up to 102°. On the second day x-ray 
® owed evidence of pleural exudate and 550 c.c. of bloody fluid was withdrawn on 
oracentesis. The following day 200 c.e. more were withdrawn. On the fourth day 
o/ rose to 103.2°, he appeared acutely UI, and x-rays showed density 

e midthird of the left lung and widening of the mediastinum. During the next 
to ^ 9 Gm. of sulfapjTjdine were given and his temperature returned 

^^^normal, where it remained. On the seventh day he appeared slightly icteric, but 
general condition had much improved. His wound had healed by primary union. 
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Fiom Nov. 1, 1939, until Sept. 1, 1940, she was admitted and discharged four 
times due to difficulties related to her metatarsal anomalies. In October, 1940, an 
imperforate choana was corrected, and in 1941 her feet again required hospital 
care. During this period she grew rapidly in height and improved conspicuously in 
vigor though hei nutrition was not well maintained at home. Her heart signs did 
not change, a short, soft sjstolic murmur uas constantly heard at the base, and her 
blood pressure remained at 110/80. Because of the difficulties related to her feet, 
activity uas somenhat restricted for much of this time, but there were periods of 
vigoious activity uhicli caused no cardiac symptoms, nor evidence of decompensa- 
tion. 



A. 

■4 A rt'an after operatioH . note poor nutrition, apathetic at- 

Fiff. 3, Case 1 — A, Ten after operation . note great improvement in 

titude, and suite of the fact that disease of the tarsal 

nutrition and &ain in after operation, note increase of 20 

kept her hospitalized- Tuo j^ar The left mammary ffiand is develop 

f^rnoH-mall” under the scar. 

o T? -R uas born at home on Sept. 13, 192S, a normal full-term delivery. 
Case 2.— B. B. uas bor An older brother and a 

He was the fourth of Be«n J „.e family became 

sister 1934- Othcruise the siblings and parents arc in good 

health. uneventfully and he dei eloped at a normal rate. 

His neonatal period P‘ ' , jisease uas made, because of a cardiac 

though a diagnosis of con cardiac ^ 

murmur, at from this time until the ago of four years uhen 

Nursery and Child Hospital cardiac clinic. 

was transferred to tli frequently uitli rcspiratorj- infections 

During the next hve > .efficient severity to require admission, 

which on 
On Jan- 

and ge 


vears he was stvi, 

. the next hvc ^ sufficient severity to require admission, 

,u ’three occasions uer .,usc of fever, dyspnea, fatigue, joint pains, 

ran.22,1937,he';“=\^Xred acutely ill, pale and slightly icteric, uuth 
.neral iBalaise. H 
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best in the second left interspnce, )>ut was plainly andiblc flirouglioiit the area of 
cardiac dullness as well as in the ne«k and along the spine. 

X-ray for the first time showed a prominence in the area of the pulmonic conus. 
Electrocardiogram showed no abnoriiiality and almost no change since that of 1933. 

Operation was done .Tune 25. 1940. A ductus about O.S era. in diameter and 0.8 
cm. long was doubly ligated accoiding to the technique of Gross under intratracheal 
ether. No difficulty was encountered and the patient stood it well. 

Postoperatively his immediate cour.-.e was excellent. June 30, he was out of bed, 
and walking on July 2, with the wound apparently healed. However, he began 
showing fever on July 3, and by .Tuly 5, it was apparent that an infection of the 
wound was present. The wound was opened on .Tuly 7, releasing several cubic cen- 
timeters of tliick pus culturing Slaphylococciis aureus hcuwlyttcus from the sub- 
cutaneous tissue. The pleura was not involved and the temperature returned to 
normal but the wound continued to drain small amounts of pus. 

On Aug. 9, 1940, the wound was opened widely under general anesthesia. One 
large pericostal silk suture and several silk knots were removed. No evidence of 
infection in cartilage or pleura was found. The wound was jiacked open and he 
was discharged on Aug. 17, 194(1. Examination at this time showed no murmur 
and blood pressure of 9G/G4. N-rny of heart showed no abnormality of contour. 

On Sept. 6, 1940, he was readmitted because of fever and cough. E.xamination 
showed numerous moist rales and rhonchi in the left chest, fewer on the right. His 
heart showed no change on physical examination and there was no evidence of 
pleural fluid. X-ray of the heart at this time showed a more prominent pulmonary 
arterial shadow than before operation, possibly due to relative diminution in size 
of the left ventricular shadow. He was discharged on Sept. 28, 1940, with his chest 
clear. 

In the dressing clinic his wound had healed by Oct. 7, 1940, and he was dis- 
charged to a convalescent home. 

On Dec, 3, 1940, he had gained nine pounds over his preoperative weight and 
eleven over his weight on discharge. He had had no cardiac symptoms and ap- 
peared in excellent health. His heart sounds were slow, strong, and regular, with 
un exaggerated Po but no murmurs. 

On Peb. 3, 1941, he had gained eight more pounds and was eating well without 
«rging. He had had only one cold lasting two days, in marked contrast to his 
previous winters. His heart sounds were unchanged. 

On June G, 1941, he had continued in good health but had gained no more weight 
had had another mild cold with cough. In August, 1941, he had another cold. 

on ever, his general vigor and health remained at a definitely higher level than 
More operation, he was eating nell and beginning to develop sexually. His heart 
sounds remained free of murmurs. 


Case 4. — J. b. was born in the Swedish Hospital of Brooklyn in March, 1931, a 
reech delivery at full term. She was the second of three children of American 
parents. Both sisters and both parents are in good iiealth and no familial diseases 
are known. 


Her neonatal period passed uneventfully, feeding being by cow’s milk formula 
''■(th adequate vitamins added from the start. She was alwaj'S rather small and 
■a hut was not retarded in walking or talking. At no time did she have any 
spells of cyanosis. At 2 years of age her tonsils and adenoids were removed because 
° frequent colds. At three years, following a severe ease of measles, a heart mur- 
a'oe Was found to be present. This murmur was unassociated with any cardiac 
symptoms other than mild dyspnea and palpitation on exertion. She did not re- 

'cive any treatment for her heart, nor was she restricted in activity at school, but 
she - - .... 


tions. 


-was alwa 3 -s small and thin for her age and subject to frequent respiratory- infec- 
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On the tenth day ho «as gnon a transfusion of 250 cc and this iias lepeated on 
the twelfth day, as his blood count remained at 2,400,000 Follomng this he im 
pro^ea steadily and b> the eighteenth day nas nalking. A'rajs during the fourth 
week showed some persistent atelectasis or fluid in the left lung field, as well as 
widening of the mediastinal shadow, but ho felt mcreasmglj well, and auscultation 
and elect! ostcthogr.im showed no evidence of the preiiouslj present murmurs He 
was disdiniged, weighing 93 pounds, on his twentj seienfh posfoperatne da> Ma^ 
23, 1940. ’ • 

Bunng June he lemained appiehcnsne in attempting acfnitj and w,is sent to the 
postuie clinic foi coricction of a scoliosis acquired post opera tnelj During the sum 
nicr he was allowed full actnitj in a boys’ camp where he found that his previous 
limitations on exertion were no longer present, and made a striking impiovement 
in nutrition and Mgoi. 

On Oct 10, 1940, he had gained thirteen pounds and grown one inch m the fiie 
months since operation His heart shadow on \ lay was noinial in size and contour, 
and examination revealed no murmur He was able to keep up with normal children 
in active plaj without signs of dyspnea oi fatigue 

One vear after operation he had gained another three pounds and another inch 
He was leading an entirely normal life 


Case 3 — F H was born in Harlem Hospital on Oct 8, 1928, a iioinnl full teini 
delivery He was the first of three children of Puerto Rican parents An extensive 
hemangioma involving one arm is present in one sister, otherwise both parents and 
siblings are in good health and no familial diseases aie known 

His neonatal period was uneventful and he gained weight and del eloped normally 
duiing the first fifteen months, being breast fed for this period At ten months 
'he was examined by a doctor because of a lespiraton infection and a heart muiimir 
was found Duung the second vear he seemed to tiio easily at play and had fro 
quent respiratoiy infections Cyanotic spells were absent 

On Oct 18, 1930, he was admitted to Babies Hospital with signs of chronic 
bronchitis and a lieait enlarged to percussion with a very loud continuous haish 


murmur in the left second interspace, transmitted to the back Tliere was some 
asymmetry of the chest with prominence yust to the left of the sternum In spite of 
a great deal of violent sciearaing, no cyanosis was piesent X rav of the chest 
showed cardiac enlaigenient only, electrocardiogram was negative, blood pressure 
90/40 He was followed at irreguktr intervals in the eaidiae clinic nheto it ii.as 
noted that he tended to remain underweight and to have mmv colds 

Dunns' the next six years he was admitted to Babies Hospital on four occasions, 
once because of a gangienous appendix, once foi a severe lespiritory infection, once 
for intestinal obstruction, and Anally for tonsillectomy in the hope of relieving his 


ficquent respiratory infections 

In 1937 bis failure to gain weight became a diflicult problem because of the emo 
al instability of Ins parents Mild frequent colds continued During 19'’S and 
lie improved and was in fair condition The precord.a! Inilgo and thrill, the 
^ w ’ 11 murmur in the pulmonic area, and the slight cardiai enlargement per 

coffee nn ^ ^ cpccial cardiac class to a pirochinl sdiool 

® ’ne^eot aloW ^cll without physical restrictions 

^ Am, tied to Babies Hospital for ligation of the pitent ductus on June 
t om, nation showed Temperature, 101», pulse, 00, respirations, 20; 
22, 19-10 Da. ' height, 4 feet S inches; weight, 73 pounds He was a 

blood pressure, habitus who, except for liis chest, showed no abnorm ibties 

swarthy boy of nhdonunal “car. His heart w is cni irgcd to 2 cm biyond 

other than two we of the chest w i" app ircnt .and a definite to 

nmnle bne on left ^ystoln and diastolic murmur vas heard 
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best in the second loft inter‘'paco, but was plainU audible tliroughout the area of 

cardiac dullnes' as well as m the neek and along the spme. 

X-rai for tlic first tiiiio showed a promincnic in the area of the pulmonic conus. 

Electrocardiogram showed no abnornwht' and almost no ch.inge since that of 1933 

Operation was done June 25, lOfO. A duotH“ about OS cm m diameter and OS 

cm. long was doubh ligated aciouling to the technique of Gross under intratracheal 

ether. Ko difficulty was encountered and the patient stood it well 

Eostoperatiieh his immediate course was o\ccllcut .Tune 10. he was out of bod, 

Md walking on July 2, with the wound apparenth he iled Iloweier, he began 

siowmg fever on July .'1, and In .TuU 5, it wa« apparent that an infection of the 

'eonnd ivas present. Tlio wound w.is opened on Juh 7, relo ismg several cubic cen 

bmeters of thick pus cultuiing Stai>}ni}ococcu\ atm us licmolyticiis from the sub 

(aitaneous tissue The pleura w.is not iinohed and the tcmper.iture returned to 

normal but the wound continued to dram small amounts of pus 

On Aug Oj 1940, the wound was opened widely under general anesthesia One 

sc penco-tnl silk suture and sovcr.il sdk knots were removed Iv'o evidence of 

utfection m cartilage or pleura was found. The wound was packed open and he 

was discharged on Aug. 17, 1910 Evanimation at tins time showed no niurnuir 

snd blood pressure of 90/04. \ r.iy of heart showed no abnormality of contour 

On Sept. 0, 1940, he was ro.idmitted because of fever and cough Evamination 

f numerous moist r.llcs and rhonchi m the left chest, fewer on the right His 

sart showed no change on pliysnal caaniinntion and there was no evidence of 

penral fluid. X ray of the heart at this tunc showed a more prominent pulmonary 

enal shadow than before operation, possibU due to rolitive diminution in size 

® lie left ventricular shadow JIc w.is di«ch.irgcd on Sept 2S, 1940, with his chest 
clear. ” i > > 

In the dressing clinic his wound imd healed hy Oct 7, 1940, and he was dis 
^ arged to a convalescent home 

On Dec. 3, 1940, he had g.iined nine pounds over liis prcopeiative weight and 
ven over his weight on discharge He hid had no cardiac symptoms and ap 
are m excellent health His heart sounds were slow, strong, and regular, with 
n^aggerated P, but no murmurs 

n Peb 3^ 1941, lie had gained eight more pounds and was eating well without 
fling He had liad onh one cold lasting two days, in marked contrast to his 
apous winters His he.irt sounds were unchanged. 


On June 


), 1941. he had continued in good health but had gained no more weight 


>ad had another mild cold with cough In August, 1941, he had another cold 
general vigor and health remained at a definitely higher level than 
^6 operation, he was eating well and beginning to develop sexually His heart 


ore 
rounds 


remained free of murmurs 


breech*" ^ ^ ^ born in the Swedish Hospital of Brooklyn in March, 1931, a 

Da ^^Irrery at full tei m She was the second of three children of American 
®r6 kn^ ®°Oi sisters and both parents are m good health and no familial diseases 

period passed uneventfully, feeding being by cow’s milk formula 
Ihin h vutanuns added from tlie start She was always rather small and 

'pells retarded in walking or talking At no time did she have any 

Qj ojanosis. At 2 years of age hei tonsils and adenoids were removed because 

Wur colds At three years, following a severe ease of measles, a heart mur 

5 ^ found to be present This murmut was unassociated with any cardiac 

e'eive °*ber than mild dyspnea and palpitation on exertion She did not re 

®be was*^ f''catment for her heart, nor was she restricted in activity at school, but 
boas small and thin for her age and subject to frequent respiratory infec 
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She veas admitted to Babies Hospital on Sept D, mo, for ligation of the patent 
ductus. Examination showed : Temperatuie, 99°; pulse, 90; blood pressure, 114/6f; 
height, 4 feet 2 inches; weight, 50% pounds. She appeared puny but in good health 
and, aside from her heart, showed no abnormalities other than a right ptosis with 
ssymmotry of the face and a tendency to hold the head off center without showing 
definite torticollis. Her heart was not enlarged and there was no precordial bulge. 
A mild tliiill was present at the base, where a loud, harsh, crescendo systolic and 
diastolic murmur replaced the heart sounds. At the apex tire sounds were of good 
quality and the murmurs could be heard only faintly in systole. The murmur was 
transmitted to the back and neck, but there was no "pistolshot” in the groin, no 
capillary pulsation in the nail beds, and no clubbing of the fingers. 

H-rays of the chest showed a cardiac shadow w'hich was normal in contour. 
Boentgenkymograph and fluoroscopy failed to show abnormal pulsations. Electrocar- 
diogram was normal and electiostetliogram showed a murmur characteristic of 
patent ductus. 



„ I J 4 One weeK after operation The patient is sriiiill ami tliln but 

torticollis is probably re).itetl to .squint. R, Sl.x months 
not tram in nutrition and vnror is ohr ions, not Ocnwnstrutoit I-- a 

eonlidSi earn m Irmelrt the torticollis seems iess consplcnons 


« ms done Sept. 24, 19-10. A small open ductus, about 0.8 cm. long and 

..a iwari 40.W .. ... o,... 

1 'niie under endotracheal ether. 

;eehnrq , temperature reached 100”, 

Postopera J ^ {],g ‘ng on 

thereafter stitches were remoted, the wound being cleanly healed. The 

the sixth, when i ,^.ig completely absent on auscultation and on sound 

murmur heard P''®®? , , gj,p „„s discharged on October 1.1, to a contniescent 

tracings taken on October 2. 

1040 slic had gained eight pounds ,n the eight weeks since opera- 
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On Feb. 3, 19il, there liad been no further gam in weight duo to a recent respira- 
tor! infection, but slic had gronii m Jicight and was able to exercise wuth mucli less 
fatigue than previously. 

On Maj 5 , 1041, she weighed ()1 pounds and nic.isured ll inclies, a gam of eleven 
pounds and two inches in the eight months smeo operation She had been far more 
active than ever before and this actnitv had caused less fatigue than usual. She 
was aware that sensations of palpitation and disconifoit previous!.! present in her 
chest on exertion wore absent. Ile-iit sounds sfill sliowed a somewhat accentuated 
Pn but no murmur. 

Cvsi 0 — T. Y. was born at liome on .Tiilv 14, 1928. a normal full term deliveiv. 
He was the lifth of nine children of American parents of Geiinan ancestrv A 
paternal aunt died m late adolescence due to congenital heart disea«o. Both parents 
and all eight siblings are in good health and no other familial disease is known 
He IS said to hav e been a ‘ ‘ blue babv ’ ’ and to Imvc remained more or less 
cjanotic for the fir=t eight months of his life, after which cvanosis appeared inter 
niitteath m relation to exercise and also to cold dimp woathei. A loud cardiac 
niurniur was rccogni/cd at birth In spite of this he took artificial feedings well 
and developed at a normal rate. Respiratory infections were fairly frequent but 
never prolonged or soveie Exoition aivvajs caused dvspne.i and ho found it easier 
to hreathe at night hj elevating Ins head with two pillows. His shortness of breath 
caused him to tire rapidlv and led to his pl.aecmcnt in a special cardiac class at 
school Ills weight and size weie alvvajs less than his siblings at comparable age 
He was admitted to Babies Hospital on Dec 30, 1940, for ligation of the jiafent 
ductus Examination showed: Temperature, 99 0*’, pulse, 88, respirations, 28, 
blood pressure, 130/45 with sounds still audible at zero; height, 4 feet 4 inches, 
"eight, 57 pounds He was a poorlj developed little boj looking jounger than 12 
'ears of age, alert and cooperative and showing apparent palior without cjanosis, but 
evidence of acute illness. His fingers showed capillary pulsation in the nail 
beds, but no clubbing. His thorax was long and nariovv with a definite though 
'hght prccordial bulge His heart was enlarged to peicussion. The apex impulse 
"as clearlj visible in the fifth interspace in the anterior axillarj line and over the 
base a marked thrill was felt, most casih over the second left interspace where a 
*““g, loud, harsh sjstolic murmur was heard This was transimtted througliout the 
cardiac area and into the neck and back There was no iliastolic murmur. Ovei the 
great vessels of the arms and legs a "pistolshot” sjstolic sound was present. The 
hver and spleen were not palpable and the remainder of the examination revealed 
no remarkable abnormalities 

rajs showed a prominent pulnionarj conus, enlaigement of the heart to the left, 
and verj maiked inciease m the caliber of the pulmonary vessels wluch showed con 
spieuous pulsation on fluoroscopj . Electrocardiogram showed no important findings 
and electrostethogram showed a long sjstolic murmur at the third left interspace 
and aortic area with sUoit earlj diastolic murmurs, in addition, at the apex and 
pnlmomc area 

Operation was done Jan. 9, 1941 A large ductus, about 2 cm in diameter, was 
®H>osed and bgated with a single heavj silk ligature The mediastinum appeared 
«<lematous and contained several large Ijmph nodes and dilated veins in the region 
the ductus Because of mediastinal bleeding a second ligature was not used, but 
^ ceding was apparentlj- controlled before closure Intratracheal ether was used. 

Hostoperatively he became verj restless and excited on reeoverj from anesthesia 
""3 m spite of a heavj sedative, tlirashed about a great deal. He showed no re 
spiratorj distress for the first forty eight hours, after which he developed dyspnea 
""3 evidence of fluid in the left chest Thoracentesis at this time jaelded 400 c c. 

bloodj fluid. Bj' the fifth daj- his temperature was normal but a severe epistaxis 
""d resulted in paUor and prostration The following daj a murmur was found to 
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have reappeaied, at first diastolic only but later more nearly continuous tlian before 
operation. In spite of this, his recorety continued without interruption. His vound 
was conipIeteI ,5 healed on the seventh day and lie was aliened up on 'the ninth day. 
He was discharged on Jan. 23, 1941. 

On February 3 he showed little change, his weight being the same as before 
operation and the neaily continuous inmniur still present. X-rays of the chest 
shoned some reduction in size of the superior mediastinal shadon and of the 
pulmonary conus, but still a grossly enlarged cardiac shadow. 

On March 24, ho still showed no striking improvement. He had had a fever of 
103° the previous neek, attributed to a sore thioat. His chest signs were unchanged. 

On April 28, the murmur seemed louder than befoie and for the first time since 
operation was accompanied by a thrill. He had been out of school for the preced- 
ing month because of fever attributed to respiratory infection. 



A. 


B. 


C. 


TT,.- rise 5— .-I, Before opeiation. Nutiitlon is r<iiil.v liOoU but Hie putient is 
-ind undc\ eloped for a boy of txveUo years. D, Four months after the frst 
At this time the patency had lecurrccl nnd he liiid )md a positive blood 
operation. At He is beginning: to .show emaciation. C. Two montlis after 

cultuie go w no^^ bettei noui whed and cten a little tnllei tliiin before tlie 

S opeKitmn improtemont in these f%io months is conspicuous. 


n M v G he was readmitted to Babies Hospital for consideriilmn of reopera- 
• Vs-iminatioTi at this time shoned: Temperature, 100.2°; jiiilse, 100; respirii- 
or.' blood pres-urc, 120/0; height, 4 feet 4 inelics; uoiglit 5.'! jiounds. He has 
tioBS, ^ admission and .«o;xK*vUmt dysprtcif* stiH .'iJert 

paler and tnnner conspicuously enlarged lutli the point of maximum 

and cooporatiie. axillary line, sixth interspace. A jireeordial thrill Mas 

impulse in the an absent at rest, but the pulmonary scrond sound could bo 

present after ac ivi sx'sfolic murmur continuous witii a softer 

palpated at all the wcU-hcaleii xur oier the .second left interspace 

diastolic vras hest h • ^ .mess nnd re- 

and Mas tiansmittcu o ‘ |,e fell f«o fingers fieloa the cosinl 

distance 
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margin. Tlie smooth, nontcndcr spleen was readily felt four lingers below the costal 
margin. Capillary pulsation and “pistolsliot” in the groin were again noted. 

X-rays showed an enlarged heart with prominent pulmonary arterial shadow as 
well as conspicuous pulmonary bronehovascular shadows. The findings were le.os 
conspicuous than before operation. Electrocardiogram showed no significant clianges. 
Eleetrostethogram showed a contiimou.s murmur tiirongliout flic cardiac cycle. 

Preoperativcly lie showed tiie pre.^enee of a licmolytic Slai>li. okivk.s on every 
Wood culture. His fever varied up to lO-l.t!" for the first week, during whieli sul- 
fathiazole was given in increasing amounts. During the second week fever wa.s 
lower with occasional spikes, wlulo lie was getting -1.5 Gm. of snlfatliiazole a day. 
Because tliis resulted in a blood level of only .'I mg. per cent the do-c was gradually 
increased to as much as 12 Gm. a day. By May 27, liis blood contained 10 mg. per 
coat and his fever had disappeared, but the om-et of toxic .symptoms elinraeterized 
hy vomiting and severe leucopeuia made it necessary to stop administration of the 
drug. Since organisms were still present in liis blood, after a week without drug, 
sulfadiazine wa.s begun. For tiic next tliree weeks, 0 Gm. a day were giren, during 
which time lii.s blood level varied from (! to 10 mg. per cent. In .spite of flii.s, 




of Case ; apical, third left inter.srace, aortic arcli. and 
*wnic area.*? a ^ r systolic murmur at all sta- 


top to bottom*. ’ Aj Before operation 

'’lia at! OClvl-XT n.-nrl rv\ « \ »■« 1 C* 


One month after 


t\fst early diastolic at the ane^ and pulmonic areas. B, One month after 

in stations there are systolic and diastolic murniu^rs, being" maxi- 

pulmonic area. C One month after second operation; the murmurs are 
o“r present. ' 
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organisms persisted in the blood stream and fever reappeared. On June 19, anti- 
staphylococeus immune rabbit serum,* 40 c.c. u-as given intravenously with an im- 
mediate temperature reaction to 205.6°, followed by a drop to 96“ and a secondary 
rise to 104° within twelve hours. Throughout this preoperative period he had shown 
no petechiae or other peripheral embolic sjanptoms, but on frequent occasions com- 
plained of chest pain which was often accompanied by exacerbation of fever, and 
sometimes by transient pleural I'ubs. Cough and sputum were absent. 

Eeoperation was done June 24, 1941. The ductus was found wide open with a 
diameter of about 1.5 cm. and a considerably thicher wall than before, hl^o trace of 
the heavy ligature was seen, though the former line black silk ties were readily seen 
in the mediastinal scar. A double ligature of umbilical tape was used, with im- 
mediate elimination of the thrill, and 3 Gm. of sulfathiazole crystals were spread 
through the exposed mediastinal tissues. 

Postoperatively his immediate reaction was good until twenty-four hours after 
operation, when his temperature reached 104° and he .appeared prostrated. Dull- 
ness, bronchial breathing, and many fine rales developed over the left base and were 
considered to be due to atelectasis. On the second day sulfadiazine treatment was 
resumed and continued for seven days during which his chest signs slowly cleared, 
his temperature returned to normal, and his wound healed by primary union. A 
blood culture taken on the operating table grew hemolytic Staph, aureus. The first 
culture thereafter was taken on June 30, six days after operation; it failed to show 
growth. Pour cultures taken during the following eight weeks were all sterile. On 
the tenth day, because sulfadiazine could not be obtained, the patient was given 
2 Gm. of sulfathiazole. That evening his temperature suddenly rose to 104.4° and 
remained between 102° and 106° for three days, gradually falling to norma! six 
days later. This n-as considered to be a drug reaction and no further medication 
was given. During the third, fourth, and fifth weeks after operation his tempera- 
ture remained normal with occasional transient episodes of fever. His heart sounds 
were clear, without murmurs, his pulse quiet, and his diastolic pressure was main- 
tained. His chest signs cleared entirely, though some density remained on x-ray 
and the shadow of his heart changed little. Electrocardiogram, which had shown 
an inversion of T4F, returned to normal. EIcctrostethograms showed inconstant 
faint systolic murmurs which could not be verified on auscultation. Blood cultures 
remained negative. His activity increased slowly and he began to gain weiglit. By 
the sLxth week he was walking, had gained eight pounds, no longer showed a 
palpable spleen, and seemed in e.xcellent health. On August 22, he was discharged, 
fifty-nine days after operation, to a convalescent home. 

On Oct. 20 1941, his excellent health had been maintained. Ho had gained six 
more pounds and was able to return to school without disability. His heart sounds 
showed no murmur, his heart shadow by -x-ray being smaller than .at any time since 
first examined, but still showing a prominent pulmonary arterial bulge. 


Case 6.— B. H. was bom at home on March 10, 1930, a normal full-term doUveo'- 
TT was the second of three children of American parents. His older sister and 
er brother are both in good health and show no oongcnifui defects, and both 
^'*”°^ts are in good health. There is no histoiy of cardiac disease or otiicr familial 
paren „,„„finaTent3 or parent's siblings. 

illness in g ^ ^ somewhat complicated by difficulty in feeding. Several 

His neon - P ^ gained only .sloivly. Ho had 

formulas wer - earlic.st infancy a wapid and conspicuous cardiac pul.sa- 

ao cyanotic spe , jifiical- 

tion had been not'" 

tieshedeveloped at anorm.^ ^'rst seen in Babies Ho.spital clinic becnu.se of a cold, 
On Hay weeks’ duration. At tlii.s time examination showed a poorly 

cough, and fever of two w 

Wbomtories. Inc. 



HUJIPHRKYS : LIGATIOX OP PATENT DUCTUS ARTERIOSUS 


855 


nourished child with a skull suggesting rickets, congested conjunctirac, inflamed 
pharjTis, and thickened eardrums. There was a marked pulsation, visible in the 
neck, and a preeordial pulsation Msiblc beyond the nipple line, where a pronounced 
thrill could be felt. A loud rough systolic murmur was heard all o\er the precordium, 
greatest in the third loft interspace, and the pulmonary second sound was increased. 
Blood pressure was IdO/SO. A-ray showed a markcdli enlarged cardiac shadow, the 
outlines of which were confused by densities at both pulmonaiy hdae suggesting 
pulmonary congestion or tubciculosi'-. Tuberculin was negative. 

During the nc\t six jears he was seen at the clinic at irregular intervals. He 
greiv slowly and remained consistently underweight. He was subject to frequent 
respiratory infections, on one occasion had an epistaxis which required packing, an 
had bronchopneumonia at 5 years of age. An x-ray in lflo7 sliowed cardiac enlarge 
meat and a prominent pulmonary arterial shadow, as well as exaggerated bronc lo 
lascular markings. Electrocardiogram showed slurred QRS complexes throng lou . 
His diastolic pressuie fell slowly as he grew but his murmur remained primari j 
s\stolic. He was very actnc, in spite of which he was placed m a cardiac e ass in 
«chool. During the winter of 3940 he contracted a seicre bronchitis which kept li^ 
at home for long periods, during which time lie failed to gain weight, so that ii 
parents became willing to accept surgical intervention winch liad been suggc'-tei in 
the autumn. 

He was admitted to Babies Hospital on Jlay o, 1941, for stud>, pitparatoiy to 
ligation of the ductus. Examination showed: Temperature, 100“; pulse, 96; Wood 
pressure, llG/40; height, 4 feet 5 inches; weight 55 pounds. He was a sniaU, thin, 
overacthe bov, verv alert and cooperatne. Aside from harsh breath sounds at the 
left base with occasional rhonchi, there xtero no significant abnormalities other than 
those related to the heart. There was no preeordial bulge, but a marked visible an 
palpable systolic thrill was present over the entire precordium. The maximum apex 
impulse was felt in the anterior axillary line, sixth interspace, with the heart per- 
cussing correspondinglv enlarged. A loud harsh systolic murmur lieard with greatest 
intensity over the third left interspace was transmitted throughout the precordium, 
over the cemcal vessels, and through to the back. An accompany lUg so ^ 

murmur was not transmitted. The pulmonic second sound was so loud i co 
palpated. Though the pulse was of Corrigan type there was no true capil ary pu sa- 

tion or “pistolshot” in the groin. No clubbing or cyanosis was present. 

S-rajs showed all of the roentgen criteria necessary foi a diagnosis of patent 
iluetus arteriosus. They also demonstrated the presence ot an anomalous nemi- 
'ortebra in the thoracic spine. Electrocardiogram showed no important findings 
and electrostethogram confirmed the auscultatoiy findings. 

Operation was done June 10, 1941. A thick-wallcd ductus 1.5 cm. ^'ameter 
was exposed and doubly ligated with woven cotton umbilical tape, under endotracheal 
ether. , 

Postoperativelj his temperature rose to 101° on the first day, ™ , , 

after the fourth. There were signs of patchy atelectasis over the left 
graduaUy cleared duimg the first week. He was allowed up on the seventh day at 
which time his sutures were removed, the wound being heale } nnpri- 

this time, though his pulse was slower and heart action qnie er ““ interspace 
tion, a definite continuous murmur was again heard m le ii > 

transmission of the systolic element to the apex and ^ 

accompanying thrill. On the eleventh day he was discharged home. 

On June 30 he had changed very bttle m the week since ^ 

murmur conspicuously present but w ithout accompan^g ■ 
excellent condition, very active and aleit, but had gamed no weight. X-rays at 
time showed no change in cardiac contour. «,nrp onera- 

On Oet. 20, 1941, he had gained only four pounds in the fou showed 

twn. His general condition appeared to have changed Ter> 
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a conspicuous continuous murmur under tiie scar of his operation, the systolic 
element of which was tiansmitted to the base and aortic area. His blood pressure 
remained at 106/60. 


Case 7. — J. M. was born at the Summit Hospital on June 7, 1930, a normal full- 
teim delivery. He was the oldest of three children of American parents. A 
brother drowned at 3 years of age, a sister six years old is living and well, as are 
botli parents. As far as is knomi no other familial disease e.xists in the family of 
eitlier parent. 



Fig 7, Case b!ood^°ulture ^ er a'monul ' B, Two montlis 

Sftefoperat.or”mS?ked''i^P?osement m nutnt.on and v.eo. Is appa.ent. 


H,s neonatal period passed unmcntfully, «<tii no retaulation of .Ieielopm.nl and 

normal ‘ „„ cwuiot.c spells o. otlier evidence of d.s- 

murmur n as firs , aeveiopmont nero nithm norma! limit.s, 

turbed h.s physical actn.ly. It is probable, hon- 

aiid it was not fel - . l„„, f|,,,n )„s .■oiifcmporanes, as )ic 

ever, that e.xcifion "> and became socially .somonliat si.,-hi.sne. Ho did 

tended to avoid pijsica c cafl'er from repented respiratory infc- 

not appear to be .tause of fanby po.slure, spmal .x-ray.s n.nc 

tion. When he ..y bo.b.'s of mos, .,f the fhon.cc 

taken nWch ^rfo be congenital in origin. Ha.-k .'xen-.s.-s nc,.. pr.-scnlK'd. 
vertebrae, tlioug plained ol pain in boll, hips ao.i the loft Uiiee, wiin-li 

On June 8- i "SS H.^las found to lane a Icier of 163”, ami 

showed sonic --edness and „a„s„ory 

three subsi.led to lOH after tli<- appearam-c of th,. lash, bat 

iSidtterniittcntly Oierirk"H.isj„taI be.auts.' of continued 

„vcw Sfrcii!«f0«a’ 
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He nas transferred to Babies Hospital on Julj S, ItUl, foi i onsideratioii of 
further treatii’cnt. Examination ‘-Imned: Temperature. !Ono“, pulse, rospii.i 
tions, .^0; blood pressure, Eiti/.jf); lieighf, I feet h’A imlies, ueight 71 pounds He 
'^us a fairh noil dereloped and noiirislied boj ot elcren, asthenic in habitus and 
round shouldcreil m postiiie, but not niipeaiing amteh ill There was slight pallor 
ut no cjanosis and his shin was free of lash oi peteihne His thorax was thin 
und free of deformilj other than a shght exaggeratiim of the spmil hjphosis His 
W w.is not enlarged; its pulsation was coiispn uoti', with nia\imum i npuKe on 
^e fifth interspace, C cm. from the iiiul sternal lino, theic was no dohnite thiill 
oud, s_\st{,i„^ swishing niuiimir was heard thioughont the proeordium but loudest 
■u the third left interspuo where a softer diastolic <ompoiicnt was .dso present 
e puhaonnrr second sound was acientii.iled The systolic murnnir was trans 
united to the baeh, but there was no ■' [ustolshol ' ' in brachial or femoral arteries 
‘U no e.apillarx pulsation in the nail beds Enei and spleen were not palpable 
!>nd no other alinormabties were noted. 

^rajs showed a lie.art shadow within iinimal limits of sire and shape except toi 
. suggest nc bulge in the region of tlie piiliiionarr conus The lungs weie clear and 
owed no eonsjucuoiis biniuhocasctilai m.irkings. Electrocaidiogram showed onli 

ncardia, and olcetrostothogr.im showed s\stolic and diastolic murmurs m all 
leads. 


reopeiatuelj he showed the presence of a Strep, niidam, on seven successne 
futures including one taken on the operating table Sulfathiaeolo was continued .at 
u rate of ,3 Gin. a dac for the first ten da.vs During this time his temperature 
Owed daih swings to 102° and he betMiiic slightlj cjanotK and n.iuscatcd .Vftcr 
0 tveek without medication during which his foccr did not change, he was given 500 
00 of blood m two transfusions, and sulfap>ridine was begun at the rate of 3 Gm. 
01 j. This resulted in a good deal of nausea but during the following two weeks 
fever gradu.alh flattened to a dail^ rise to about 100°. Dunng this time his 
ood contained 0 mg per cent of sulf.ipvndine and continued to grow stieptococci 
®a Culture. 

Operation was done Aug. 8, 1911 A ductus about 0 9 cm in diameter and 12 
long. With a fairly thin wall, was found The suiiounding mediastinum was 
somewhat edematous, and an enlarged hiiipli node which laj directlj over the ductus 
^ wed Gram positive cocci on smear Two Iigatuies of umbilical tape were used 
0 close the ductus Sulfathiazole crvstals, 3 Gm , were placed in the exposed 
®ediastinal tissues 

Postoperahvely he reacted verj well His teraperatuie rose to 101° on the first 
but reached normal on the second, where it remained Sulfapjndme was given 
em the second to the seventh postopeiative day, bv which time his wound had 
ealed b) pnmarj union. There was never anv evidence of postopeiative pneumo 
■orax or atelectasis and no murmurs could be heard. A blood culture taken on the 
®P*ating table grew Stiep viridani The first culture thereafter was taken on 
August 11, three davs after operation, it failed to show growth, as did one taken 
ten dajs, and a third, two weeks, after operation On the seventh day he was 
silowed up and he began walking on the tenth His appetite, vigor, and disposition 
improved dramatically during the second w eek. X ra3 s at this time showed little 
change in the cardiac shadow, eleetrocardiogiams showed increase in amplitude of 
the T waves, and eleetrostethogi ams showed a persistent soft systolic murmur at the 
npex which could not be verified on auscultation. On August 28, twenty daj's after 
uperation, he was discharged. 

On September 29, he had gained eighteen pounds since before operation and was 
two inches taller than before his illness. His appetite for the first time was heartv, 
und he appeared and behaved more vigorous than before his acute illness He had 
had no fever and no cardiac sj-raptoms, and Ins heart sounds were strong, quiet, and 
fvee of murmurs. 
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a conspicuous continuous muunur under the scar of his operation, the systolic 
element of ivhieh uns tiansmitted to the base and aortic atca. His blood pressure 
remained at 106/60. 


CxiSE 7. — J. M. uas boin at tlie Summit Hospital on June 7, 1930, a normal full- 
teim delivery. He uas the oidest of tiiieo children of Amencan parents. A 
biother drouiied at 3 jeais of age, a sistei si\ yeais old is living and well, as ate 
both parents. As far as is known no other familial disease exists in the family of 
eithei parent. 



A B 


Fie 7 Case 7 — --I. BeSoie operation Pool nutiition is eiulent at till’, time the 
natient had been running a positne blood cultuie foi oier a month B. Two months 
after operation maiked impioNement m nutiition and \igoi is appaient 


His neonatal period passed umwenttuU) , with no ictuidution ol deielopmem and 
normal growth on an adequate diet. Ulien he was It moiitlis ol age, a eardme 
nmtniui was brsr noted, but tUeie were no <\anotie spoils oi other eiidcnce of dis 
turbed function. His late of growth and deielojimoiit weie within normal hunts, 
■ind it tras not felt neecssaiy to lestnet Ins plij.nal aitnity it is probable, how 
that e\ertion was mote fatiguing to linn than to Ins i mitempoiaries, as ho 
*''^d d to atoid physical contests and Iieeame s.ieialli somewhat sodusne. He did 
lear to be clnonicalh ill, not did he sulioi from repealed lespiratoiy infer 
not api . iPars old, beiause of faulty posture, spinal \ rays were 

■' 1 showed a taiilty deielopment ol the bodies ol most ot the lliorarn 
taken W net congenital in origin. Haik e\er.-ises were piescribed. 

icrtebrac, coa,pInined oi pain in both hips uml the lelt Knee, wlntli 

On June , . suelbng He was found to lm\e a feier of 10,!°, and 

showed sonic r i measles nish ajipeari'd. The joint pains were transitory 

three days later a sub-ided to HH° after the apjie: r.ince of the rtisli, bat 

and trivia! the rash had disappeared. 

persisted mterniiue . • .ninutted to OierlooK Ho-pital Ikshusc of continued 

On Job® suiie"ite blood cultutes at four day intenals 

fever, anorcviai " i^uUatUia/oIe liy nioutli was In gun on July -1, 1911. 
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tlie (iiaguosis can be made, but wlio sliou' little effect on their general 
health. It is uncerlaiu whether (he extra cardiac load is great enough 
in them to warrant the risks involved in eliminating it. 

Both of the reported postoperative deaths were associated with infec- 
hon, and the unsuccessful result of the first operation in Case 5 of this 
senes was also associated with a complicating infection. Is tlie presence 
of infection in or near the ductus, then, a contraindication to operation ? 
On the other hand, is the possibility of the eventual development of such 
infection a sufScieut indication for operation even when the mechanical 
effects seem mild? This is the point of view held by Jones, Dolley, and 
ulloek. It is apparently supported by the fatal result in Streider’s' 
ease, and by the two fatalities reported by Touroff and Vesell.'’'" On the 
other hand their fiist ease,’* tbongh also a near fatality on the table, has 
remained free of disease over a year after recovery, and three subseiinent 
^es, operated upon by the same surgeon, are also apparently cured.’' 
imilarl 3 ’, other cases ligated by Gro.ss,’® and by Bourne and bis as- 
sociates,— in the presence of subacute blood stream infection have re- 
mained free of infection postoperatively. In tliis series, the second 
operation on Case 5 and that on Case 7 seem to confirm the evidence 
even an established subacute blood stream infection which has 
resisted intensive cheniotherapv mav be overcome bj' ligation of the 
duct. 


Whether ligation of a patent ductus will prevent the formation of an 
”i eeted tlirombns near its site cannot be determined with certainty 
lentil a large number of ligated cases have been eaveiully followed for a 
ong period. Though it seems reasonable to believe that infection may he 
prevented in this way, since the incidence of complicating infection is 
Hot certain, and since infection apparently may be overcome by prompt 
operation even after its occurrence, there is not yet sufficient emdenee 
Ti'arrant operation in every diagno.secl case. For the present the 
operation is clearh^ indicated only if the patient shows evidence of 
mechanical overloading of the heart either by diminished cardiac re- 
•mrve, bj^ failure to grow and develop normally, b 3 ’' failure to maintain 
normal nutrition and resistance to infection, or if the ductus has be- 
i^ome associated with an infected intimal thrombus with subacute blood 
iitTeani infection. 


SUMilABT 

The results of eight instances of ligation of a patent ductus arteriosus 
m seven patients are reported. In six instances the ligation was carried 
ont because of evidence of sj^stemic effects of the mechanical circulatorj* 
uormalitj'. In two instances the ligation was carried out in order to 
H'oreome subacute bacterial blood stream infection which had resisted 
adequate chemotherapj' with sulfonamide drugs. 

H<o patient died following operation. In four instances the operation 
"as eon.spieuously effective in overcoming the patient’s mechanical eir- 
"ulatorj’- sj'mptoms. This improvement has been maintained for twenty- 
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<■«'»■ Hiorp iin;iml.«, waa buck at .‘•oliool carrying 
ou with /nil activity, lie liail liaii iii> fiirlber fever ami hi.a cardiac .signs were un- 


mscyssiox 

Sporadic nttempt.s to ligate large blood ve.s.sel.s tvitliin the clie.st for 
(lie piirpo.se ol coiifrolliiig licniorrliagc have probably been made since 
the dawn of .surgery. Sneh heroic efforts as Yalentine Mott’s,^ over a 
century ago, even though saceossfij} in sscun'ing the vessel without open- 
ing the pleura, tvere doomed to failure beeau.se of infection. Undoubt- 
edly this record contributed to the I’elucfanee of surgeons to accept the 
.siigge.s'tiou made in WOT, by Munvo," even after a.s'eptic surgery was well 
e.sfabli.sijod, that a patent duetiis arteriosus might he ligated. The first 
scriou.s attempt tvas not reported until thirty- years later when Graybiel 
and Strieder'’ recorded their failure due to hemorrhage in an adult with 
.snbncnle bacterial endarteritis, an experience shared though not re- 
corded by' others. Gross V success the following year resulted from his 
development of a new, deliberately- transpleural, approach which enabled 
liim to work out the technique of careful dissection’ by- which all sub- 
.sequently reported ligations, including those reported here, have been 
done. 


Wliat, then, can he accomplished by- this procedure? In a series of 
papers Gross and eo- workers liave recorded their experiences,"’ ’’ which 
they have summarized in a report of thirteen cases.’’ All of these cases 
were selected according to the indications worked out by Hubbard, Emer- 
son, and Grcen.° One died, one, who has another vascular anomaly, has 
shoiTO little change, and the remainder have shown gi’atify-ing and obvious 
improvement. Similarly, in the thirteen eases reported by- Jones, Dolle.r, 
and Eid/ociv,^’ with the exception of one fatality, the results were good 
though it is not clear in how many improvement was as conspicuous 
as in Gross’s cases, or in those reported here. This may be due to 


the fact that these men have not been reluctant to urge operation on 
patients in whom the diagnosis was clear, but in whom general effects 
were not conspicuous, because of their conviction of poor prognosis due 
to ultimate blood stream infection.’ Both Gross and Jones have can-ied 
out a considerable number of ligations since their last publications. 
Other ligations or attempts at ligation have also been reported reeently 
by Miaugolarra and Hull,=’ and still others have not yet been published. 
It is clear that a patent ductus can be successfully obliterated by the 
ethod of Gross, and that this operation, carefully perfomed, is not 
f reat risk. If the mechanical effects of the presence of a patent 
one S ' indicated by the studies of Bunvell, Eppinger, 

ductus ar that an operation of comparatively little 

1 be considered seriously in eveiy ease where the diagnosis is 
risk sliomu studies were earned out on 

reasonably cei a • ductus was of such size as to cause definite 

Gross’s patients, m jn which a comparatively large shunt 

clinical effects an ‘ There are many patients in whom 

had been produced expenm 
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tfie dia^osis can be made, but who show little effect ou their general 
iiealfli. It is rmeertain whether the extra cardiac load is great enough 
ia them to wairant the risks involved in eliminating it. 

Both of the reported postoperative death.s ivere associated with infec- 
tioa, and the unsueeessful result of the first operation in Case 5 of this 
senes was also associated with a complicating infection. Is the presence 
of infection in or near the ductus, then, a contraindication to operation? 
On the other hand, is the possibility of the eventual development of such 
infection a sufficient indication for operation even when the meeliaiiieal 
effects seem mild? This is the point of view held by Jones, Dollej', and 
Bollock. It is apparently supported by the fatal result in vStreider's" 
ease, and by the two fatalities reported by Tonroff and Ve.sell.'''' On the 
other hand their fii-sl case,’’ though al.so a near fatality ou the table, has 
remamed free of disease over a year after recovery, and three subsequent 
^es, operated U2)on by the same siu’geon, are also apparently cured.” 
inularl3*, other cases ligated bj' Gro.ss,” and b.v Bourne and his as- 
soejates," in the presence of subacute blood stream infection have re- 
mained free at infeetioii postoperatix'el3'. In this series, the second 
operation on Case 5 and that on Case 7 seem to confirm the evidence 
8 t even an established subacute blood stream infection which has 
resisted intensive ehemotherapv mav be overcome b3' ligation of the 
duet. 

Whether ligation of a patent ductus will prevent tlie formation of an 
’ufeeted thrombus near its site cannot be determined witli eertaint3^ 
a large number of ligated cases have been earefnlly followed for a 
oug period. Though it seems reasonable to believe that infection may be 
prevented in this wa3', since the incidence of complicating infection is 
^ot certain, and since infection apparent^' ma3- be overcome b5’^ prompt 
operation even after its occurrence, there is not Amt sufficient evidence 
fo Warrant operation in ei'eiw diagno.sed case. For the present the 
operation is elearl3’- indicated onl3’' if the patient .shows ei'idence of 
®eehanieal overloading of the heart either by diminished cardiac re- 
®orve, by failure to grow and develop normally, b3^ failure to maintain 
normal nutrition and resistance to infection, or if the ductus has be- 
come associated with an infected intimal thrombus witli subacute blood 
*^treain infection, 

SmiWART 

The results of eight instances of ligation of a patent ductus arteriosus 
m seven patients are reported. In six instances tlie ligation was carried 
out because of eAuclenee of S3'stemie effects of the mechanical cireulator3' 
orma]it3-. In two instances the ligation was cairied out in order to 
OAercome subacute bacterial blood stream infection which had resisted 
® equate ehemotlierap5’' ivith sulfonamide drugs. 

’ 0 patient died following operation. In four instances the operation 
us conspienousl3- effeetiA-e in overcoming the patient’s mechanical eir- 
atory S 3 'mptoms. This improA-ement has been maintained for twenty- 
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Oti Oct. L’L>, inn, li(' liutl ;;jiinp(l four more fiound.", iwi.s Inirk nt s-chnol Mrrying 
on ^m(Ii full rictivity, Jin Imd Iiml no fiirtlior fever and lii.s cardine Mgas were’ un- 
clianped. 


DrectiFsro.v 

Sporadic nttempts to tignte lai'frc blond vessels witJim tiie chest for 
llie purpose of eontroUiu" lictnorrhii^c have probably been made since 
tlie daM’n of .surg'cry. Sueli heroic efforts las Valentine Mott’s,’ over a 
century apo, even tliougJi successful in securing' the ve.ssel without open- 
ing the pleura, were doomed to failure because of infection. Undoubt- 
edly this I'ocord coiitvibutcd to the reluctance of surgeons to accept the 
suggestion made in ]{)07, by Slunro," even after a.septic surgery was well 
establi.shed, tliat a patejit ductus arteriosus might be ligated. The first 
serious attempt was not reported until tliirtj' years later when Graybiel 
and Strieder’ recorded their failui’c due to hemoiThage in an adult with 
siihacntc bacterial endarteritis, an experience shared though not re- 
corded by others. Gross ’s'* success the following year resulted from his 
development of a new, deliberately transpleural, approach which enabled 
him to work out tlie technique of careful dissection” by which all sub- 
sequently reported ligations, including those i-eported here, have been 
done. 


AVhat, then, can be accomplished by this procedure? In a series of 
papers Gross and co-workers have recorded their experiences, '• ” which 
they have summarized in a report of thirteen cases.’” All of these cases 
were selected according to the indications worked out by Hubbard, Emer- 
son, and Gi’cen.” One died, one, •who has another vascular anomaly, has 
shown little change, and the remainder have shoira gratifj-ing and obvious 
improvement. Similarly, in the thirteen eases reported by Jones, Dolley, 
and BuUock,’” with the exception of one fatality, the results were good 
though it is not clear in how many improvement was as conspicuous 
as in Gross’s cases, or in those reported here. This may be due to 
the fact that these men have not been reluctant to urge operation on 
patients in whom the diagnosis was clear, but in whom general effects 
were not conspicuous, because of their conviction of poor prognosis due 
to ultimate blood stream infection.” Both Gross and Jones have carried 
out a considerable number of ligations since their last publications. 
Other ligations or attempts at ligation have also been reported recent^ 
by Miangolarra and Hull,”’ and still others have not yet been published. 

It is clear that a patent ductus can be successfully obliterated by the 
method of Gross, and that this operation, carefully performed, is not 
np of ereat risk. If the mechanical effects of the presence of a patent 
ductus are as great as is indicated by the studies of Bunvell, Eppinger, 
a n -OSS it would seem that an operation of comparatively httle 

M Xonld be considered seriously in every case where the diagnosis is 
^ 1 1 ppvtain On the other hand, their studies were carried out on 
reasonab y ■ ductus was of such size as to cause definite 

Gross s patien , gm-mais in -which a comparatively large .shunt 

clinical efteets, „„np,,5mental]y. There are many patients in Tvlioro 
had been produced expe 



Alv' EXPEEBIENTAL STUDY OF SHOCK WITH SPECIAL 
EEPEEENCE TO ITS EFFECT ON THE 
CAPILLAEY BED^ 


Grosyexor T. Root, M.D.,t axd Frank C. Haxx, ^I.D.t 
Rochester, jMixx. 

T he loss of circulating fluid with the corresponding decrease of 
volume of blood has long been knowni to be an imi^ortant factor in 
the condition of secondary shock. Interest has centei’cd on the capillary 
bed as a site where the fluid is lost. In this study the hepatic and 
mesenteric capillaries of the rat, under normal conditions, were com- 
pared with the eapillai'ies of animals in which traumatic .shock had been 
produced experimentally by different means in an attempt to obtain 
more exact knowledge of the capillaries in shock than may be observed 
by microscopic examination of fixed specimens. An occlusive cireula- 
toiy type of shock, similar to that used previousl.v by Allen, and more 
recently by Selye and Dosne, was used not only to stud.r capillaiy 
changes but also to determine the efficacy of different methods for re- 
storing the circulating fluid. 

A comprehensive review of the literature concerning shock is un- 
necessary since the pertinent investigations on the subject have been 
presented by Cannon, Boyei-s, IMoon, O’Shaugnessy and Slome, Blalock, 
and Harkins, 


APPARATUS USED AND METHODS OF .STUDY 


A modification of the method of transillumination described by 
Knisely was used throughout tliis study and made possible the direct 
observation of the capillaries by means of transmitted light. § The light 
source was a 400 watt bull). The light was transmitted tlu’ough a rod, 
which was leueite at the proximal end and silvered quartz at the distal 
end, and passed through an apertui-e measuring 2 by 3 mm. The tissue 
of the animal to be examined was placed over the end of the rod and 
direct microscopic examination of indimdual capillaries was made. Pre- 
cautions were taken constantly against cooling or drying of the tissues. 
Thus, the platform on which the animal was placed was kept at body 
temperature, wai-m Ringer’s solution was kept continously flowing from 
the end of the rod beneath the tis-sues being examined, and Ringer’s solu- 
tion was passed over the top of the organ being examined. 


•Abrid^ent of thesis submitted by Dr. Root to the faculty of the Graduate School 
of the Univcrsitj of Mninesota in partial fulfillment of the requirements for the def^rcp 
of M.S. in Surgerj'. ° 

fFellow in Surgen.'. 


tDivlsion of Experimental Medicine, Mayo Foundation. 

5The authors wish to express their appreciation to Dr. K. G. Wakim for the 
of his apparatus and for his many helpful suggestions throughout this ue us, 
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oiplil, iM-enly-lwo, tn-piify, anti .seventeen months, rc-spectiVely. In one 
inst/inee tlie pnfenej- reciirml, apparently duo to cutting through of the 
ligature; tliis recurrent patency was subscfiucntly Jigated successfully. 
In one instnn<>e the result is uncertain. In tlie two ca.ses in which infec- 
tion was present at tlic time of ojieration, no subsefiiient blood culture 
has shown organisms, and the patients are conspicuously improved six 
and sm-en months after operation. 
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cells. Only occasionally a few small fnnetioning capillaries (12 to 14 /i) 
containing a veiy rapid blood flow arc seen among these fat cells in the 
normal animal. The larger capillaries (20 to 40 /i) are often seen but 
the circulation is so rapid within them that the individual cells cannot 
be delineated. The largest capillaries (150 to 250 /t), which connect 
the main arteriole and venule, stand out the most distinctly but the 
circulation rvithiu these vessels is even more rapid. The main arterioles 
and venules (400 to 500 /i) have such a rapid eirculation that movement 
cannot be recognized. 

Thus, as the me.sentery is examined with the usual 150 magnification 
the main obseiwations are indistinctness of the capillaries, the glistening 
white background, and the extreme rapidity of the eirculation. Within 
the course of one to two lioure, a few newly functioning capillaries 
appear and there is a slight slowing of the speed of the circulation. 
This final condition of the capillaries persists for six to seven hour's 
and if at the end of that time the abdominal wound is repaired, the 
animal appears to be normal the next day. 

The circulation rrithin the liver is studied most sati.sfactoi’ily with the 
600 magnification water immersion system. Witli this magnification 
the appearance of the sinusoids (40 to 50 /i) is variable not only in their 
content but also in the speed of the blood flowing through them. Wlien 
first examined, manj- of the hepatic sinusoids are empty, a few contain 
cells but are inactive, and others reveal such a I’apid circulation that 
the individual cells cannot be recognized. The circulation within the 
larger vessels is extremely rapid. Gradually during the following eight 
hours, there is a slowing of the sinusoidal circulation, making it possible 
to obsen-e individual cells in the rapidly moving current. It is unusual 
for an alteration of the circulation in the large vessels to occur. At 
the end of this eight-hour period, thei’e are fewer sinusoids in the 
inactive phase and all the sinusoids are more congested than at the 
beginning of the examination but there is no sluggishness of circulation 
or generalized stasis. 

2. Effect After Administration of Histamine 

There ivas no change in the appearance of the eapillaries of the 
mesenterj' or liver following the local application of a 1 per cent 
solution of histamine. 

Variable effects, depending on the dose, were observed after intra- 
venous administration of histamine. Any effect after intravenous ad- 
ministration of 1 to 6 mg. of histamine was rarely noted. However, 
there was observed the appearance of newly functioning capillaries in 
the mesentery with some slowing of the flow of blood with doses of 6 
to 12 mg. of the histamine base. Nothing definite was noted in the liver 
with such doses. Very definite results occurred when 12 to 20 m". of 
the base per 100 Gm. of body weiglit was given. IMany newly function- 
ing capillaries appeared, the larger capillaries stood out more distinetlv 
there was a definite slowing of the circulation, and congestion and 


suuontY 
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!ili)ino mnie rats of llie Wislai’ strain, ranging from 
70 to 340 Oin. wci'o nsod, Pcniobarhital sodium (nembutal) was used 
fliroiigliout as an anesllielie agent in subcutaneous doses of 30 mg, per 
Ivilogram. As necessary, 3 to 1.5 mg. more was given. No eifect on the 
capillaries from such doses was ever noted. 

The normal eirenlation of the mascntcry and liver was studied iSrst. 
A routine of using one area of the me.scntery only once for observation 
was adopted. Oi)servations were made hist on the mesenteric held at the 
ileocecal Junction and further ob.scrvalions during the course of the 
oxjieriment were made on successive helds passing proximally. As far 
as Mms jiassible, a similar routine was adopted for study of the borders 
of the liver, beginning at the far left border and obsem’ng successive 
helds to the right. These various fields were studied with the binocular 
st ageless micro.scope using 40, 150, and, b.y use of a water immei'sion 
lens .system, 600 magniheations. 

The elTects of local and intravenous administration of histamine were 
ob-served on both the me.senterie and hepatic circulation. 

A condition simulating shock was not produced by simple laparotomy, 
c.xposure of the intestines, or crushing trauma to the limbs. A shock- 
like condition was produced by any of the following three methods: 

f. Intestinal manipulation : The intestines Avere manipulated finnly 
but gentlj*, so that no gross hemorrhage occurred. The manipulation 
was continuous for hve minutes. The intestines then were left e.xposed 
on the warm platfonn for the remainder of the period of obsenmtion. 

2. Exposure of intestines to cold: The animal was placed on a glass 
plate, which in tuni was placed on a piece of ice. The intestines were 
removed from the abdominal cavity and spread over the glass plate. 

3. Application of rubber bands to thighs: The animals were given 
pentobarbital sodium and rubber bands were tied tightlj^ high on the 
leo'S. The animals then were left alone for five to fi^n and one-half 
houi-s. At this time the animals were again given pentobarbital sodium 
and the abdomen ivas opened. After obseiwations of the capillaries 
of mesentery and liver had been made, the rubber bands were cut. 

In all tiTpes of shock, observations of respiration and of mesenteric 
and hepatic capillaries were made and recorded CA'ery fifteen to thirty 
‘ minutes After the findings in these different types of shock had been 
” jiftrmed on numerous occasions, fui-ther studies Avere made in an 
“ t to correlate the state of shock Avitli the concentration of blood, 
r .^-throcAde counts and hematocrit readings (Van Allen method) Avere 

A m the blood secured by means of cardiac puncture tlmee days 
.pi- before shock Avas induced experimentaUy. Specimens of 
l\ °rArere obtained again just before death in the condition of shock. 

RESULTS 


i. The Normal Animal 

, mesenteric circulation reveals, with all magnifica- 
ObseVA’atwn background AA-liieh is composed of the fat 
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change was due to the appearance of newlj’- functioning capillaries 
which were congested and stasis rapidly developed. Dilatation and 
congestion occurred in the larger capillaries and the circulation became 
sluggish. Groups of red blood cells appeared in many fields outside of 
the capillaries in thirty minutes to one hour. 

Liver: All the sinusoids became active; however, the circulation 
was sluggish vithin fifteen to thirty minutes after the intestines had 
been manipulated and giadual stasis took place. Even though there 
was increased sinusoidal actirtty, congestion was not as marked as is 
often seen in the normal liver. 

After the capillary response in this type of shock was established, 
hematocrit and red blood cell studies were done and often the values 
were found to be quite variable. The respirations remained at 80 to 
90 a minute ; however, a few minutes prior to death they would gi’adu- 
ally decrease, become gasping, and finally cease. 

h. Exposure of Intestines on Iced Plate (Table 2). — 

(1) Mesentery: The circulation usually remained very rapid thi’ough- 
out this type of shock, even though the respiration would cease tem- 
porarily for ten to fifteen minutes. A few newly functioning capillaries 
appeared but stasis did not occur until shortly before the death of the 
animal and dilatation with congestion usually was not seen. 


Table n 

Effect of Exposure op Istesti.xe o.v Iceb Plate 



1 


DIFFERENCE IN | 


NUM- ; 
BEK 1 

i 

TTEIGHT : 
(GM.) i 

duration! 

OP LIFE 1 

RED 

BLOOD 

CELLS* 

HEMATO- 

CRIT 

(per 

CENT) 

CAPILLART response 


EXPOSURE 


1 

87.2 1 

BSHI 

-0.52 1 

-5 

Mesenterj': Even though respirations 

2 




3 

stopped for 10 to 15 minutes, circu- 

3 

98.0 

IMo' 

: 1.42 1 

17 

lation remained very rapid ; neiv 

4 

66.2 

48' 1 

! 

-0.25 

1 

-8 

capillaries appeared but stasis was 
terminal 

Liver: Sinusoids active and con- 
gested ; often seen were groups of 
red blood cells outside the sinusoids 


CONTROLS 


1 

104.4 1 

l‘’40'-t- 

— >”^‘1 

l 

Mesentery and liver: As in normal 

2 

1 102.8 

1 2° + 

1 0.37 ! 

1 -1 

I control in Table I 


•Millions per c. mm. of blood. 


(2) Liver; The sinusoids became verj'- active and congested and 
groups of red blood cells often were seen outside of the sinusoids. 
Gradual slowing took place thirty to forty-five minntes prior to death 
and stasis finally occurred. More congestion of the sinusoids was seen 
in this tj'pe of shock than in any other type. 

The animal was placed on a glass plate over ice witli the intestines 
.spread out on the plate. The respirations would decrease and become 
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dilafation occiUTOf]. The .sinusoids of the liver were conge.sted and 
llio flmv of biood wes slowed in both the .sinusoid.s and larger ves.sels. 
TIic^ jue.seii(cric circulation gradualiy rctui-ned to normal within ten 
to tiClecn minutes, the hojiatic circulation returning to normal in ten 
to thirty minute.s, TJic lollial dose iva-s found to be 27 to 33 mg. of 
bi.slaniine ba.se for a rut weighing 100 Gin. 

Tlie main feature accompanying tiie capillary change was a marked 
decrease in I'cspiration, fr-oin a range of SO to 100 to a j-ange of 60 to 
lO I'espirations a minute. ALso coinciding rvith the return of the 
capillaries to noniial, tiic re.spirations would become normal again 
wifliin ten to /iflecn minutes after the intravenous injection of hista- 
mine. 

WJien the lethal dosc.s were administered the respirations decreased 
quickly, the capillary changes were minimal, and often no difference 
was obscr\’ed from the normal except for the cessation of flow of blood. 

Lacrimaiion; profuse, watery mucoid discharge from the nose and 
mouth; rostle.ssncss ; increased peristalsis; oeeasional convulsive seizures 
of the limbs, and also, on occasions, micturition and defecation occurred 
n-ith doses of 8 to 20 mg. of histamine administered intravenously. 


S. Experiments Dealing With Shock 

a. Intestinal Manipidation (Table I). — (1) Mcsenterij; A pink back- 
ground developed, replacing the normal glistening wliite backgroimd 
within fifteen to thirty minutes after the intestinal manipulation. Tliis 


T.VBLE I 


Effect of I.xtestin.m, aiAsipui.ATioK ron Five Minutes 


NUJC- i 
BER 

■WEIGHT 

(GM.) 

DUHATION; 
t OF LIFE j 

( niFFEKKiVCE IK 

rAPILLARV RESPONSE 

1 

nED 

BLOOD 

CELLS* 

1 HEilATO- 
CJiir 

(per 

CENT) 



MANIPULATION 


1 

2 

3 

4 

5 

101.5 

105.0 

99.S 

S2.4 

82.8 

1°40’ 

25' 

2° 10' 

21' 

40' 

3.31 

0.74 

1.81 

0.30 

2.29 

19 

5 

8 

6 

19 

Mesentery: A pink background de- 
veloped within 15 to 30 minutes, 
and within 30 to 60 minutes lienior- 
rhages appeared in many fields 
Liver: Sluggish circulation developed 
in all the sinusoids within 15 to .SO 
minutes with gradual stasis occur- 
ring 



CONTEOLS 


57.2. 

86.S 


2“30'+ 

l'’20’+ 


0.04 I 1 
-0.64 0 



Mesentery: Capillaries not clearly clc- 
lineafed, white backpround, rapid 
circulation; after 30 to 00 minute.s, 
new small cnpillarios apjic.ared, but 
circulation remaincil rapid 
Liver: More sinusoid.s gradually re- 
I sumed activity but circulation re- 

( wailtcd very rapid tlirouglioilt 
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Table HI 


Effect of Bubber Bakds ox Titiciis for Five to Five and One-half Hours 






DlFPHtF.NCE IN j 


xuii- 

BEa 

WEIGHT 

(GM.) 

DURATION- 
OF LIFE ■ 

i 

RED 1 
BLOOD 
CELLS* j 

IIEMATO- 1 
CUIT 1 
(PER i 

cf.nt) j 

j CAPILLARY RESPONSE 


RUBBER BANDS ON THIGHS 


If 

76.5 

0 


_2 

Mcseiiterv: Entirely normal for first 

2 

101.6 

2'‘46' 

1.73 

16 

30 to '60 minutes after bands had 

3 


S-D' 

3.33 

19 

been cut; then new capillaries ap- 

4 


2'’40' 

2.64 

21 

peared, main capillaries stood out 

5 


I'-oS' 

1.73 

19 

more clearly, circulation sloAved and 

6 

7S.4 

l'>12' 

3.34 

34 

became sluggish as capillaries be- 

7 


rST' 

4.70 

40 

came dilated, congested and finally 

S 

lor.r 

1°45' 

3.54 

28 

static 

LiA-er: Komained normal for 30 to 90 
minutes, tlien gradually the circula- 
tion became sluggish and stasis oc- 
curred first in sinusoids, then in 
larger veins; often not as much 
congestion as normal 


CONTROLS 


94.0 


0.45 

-7 

Jfesenferv and liver: As in normal 

85.4 


-0.7S 

-8 

control in Table I 

101.0 

■ iSNI 

1.10 

-1 



•Millions per c. mm. of blood. 

tDied from effect of pentobarbital sodium before bands were cut. 


Became active Init often they irere not as congested as they are normally. 
The circulation became sluggish and finally stasis occurred, first in the 
sinusoids and then in the larger reins. 

Edema rapidly accumulated in the legs of tlie animals after the bands 
were cut, being so marked that the legs became abducted and externally 
rotated. The average increase of the circumference at the tibial tubercle 
from the time that the bands Avei’e cut until the respirations had ceased 
was 0.7 to 0.8 cm. 

4. Studies in Begard to Cattsation of the Rubber Band 
Type of Shock 

a. Wrapping of the Legs (Table TV, Pig. 1, b). — The legs of the 
animals were wrapped tiglitly wdth ivaterproof adhesive tape just before 
the bands were cut. These Aiwappings were reinforced further vith 
tape after the bands were cut, 

(1) Mesentery and Liver: The usual capillarj" response was that 
of the normal control animal. Unless the legs were wrapped tightly, 
some edema did develop under the tape and the usual capillary I’esponse 
to shock was present, hemoconcentration oeeiuTcd, and the animals died. 

The controls in this series were divided into two gi’oups. Group a 
consisted of animals whose legs were wrapped tightly uith tape at the 
same time the other animals’ legs Avere Avrapped, but no rubber bands 
had been applied pi'CAdously, 

Group b consisted of animals aaTiosc legs were Avrapped tightly Avith 
tane for Hvc hoins and then the tape Avas removed. 














.si;i!OKin' 




iriTfriiL'ir iviihin to (m>lvc niinntcs, and ten to twenty minutes 

later the rcspiriU ions would cense entirely. TJie animals were left in 
sucli a condition ns loiift as twenty minutes without being disturbed. 
Finally when they were c.\'nniined, the foregoing capillary changes 
M-ore observed. The i-ats then were placed on the warm'platfom. 
After the animals bad been on the warm platform for two to three 
minutes, the rcsj)irations gradually began to increase but did not return 
to the normal rate. Tin's sequence of events would repeat itself; each 
time that the rat was placed on the warm platform the respiratory 
I'atc would increase but each time the maximal respiratory rate was 
less than on the previous occasion. Finally, the respirations ceased 
entirely even when the animal was kept on the warm platfom. 

There was no consistency in the results of hematocrit and red blood 
cell studies in this type of shock. 



1 to 4 show the same relationship, that is. the onlinate is equal to the numher 
s 1 that the animal lived after tlie rubber bands were cut and the abscissa 
esents the numher of animals used in each series. 

’‘■P , - cfoi^iv rtf tlie cn.\isatioii of the rubber band type of shock, a, Tlie usual 

of shock legs of the animals were wrapped tightly before 

rubber *1 ui • c the wrappings were removed from the legs one hour after the 

baniinvefc c™t: d: 'spinal cords resected before the bands were cut. 


C Application of Euhher Bands to Thighs (Table III, Fig. 1, «).— 
' ) iicscnUrxj: There was no change from the normal capillary 
•. 1 tion either before the bands were cut or for thirty to si.xty 
circu a cutting of the bands. At this time, newly functioning 

mneared and there was a slowing of the speed of the eircula- 
capillari s l U capillaries stood out more distinctly than before and 
tion. a Gradually the circulation became sluggish and 

dilatation i^efore the death of the animal, 

stasis resta circulation remained normal for thirty to ninety 

(2j laver: i ijgnds were cut. All the sinusoids gradually 
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Table HI 


Effect of Rubber Basus on Tinciis ron Five to Five and One-half IIouks 





[ DIFFERENCE IN j 


DUM- 

BER 

1 

WFJGHT 
(CM.) ! 

1 

DinJATlON 

OF LIFE 

REP 

BLOOD 

CELLS* 

HEMATO- 

CRIT 

(PER 

CEXT) 

CAPILLARY RESPONSE 






RUBBER 

; BANDS ON TinOHS 

11 1 

76.3 

i 0 

V 


Mesenterv: Entirely normal for first 



1 2=16' 


16 

30 to CO minutes after bands bad 



[ 3°9' 


19 

been cut; then new capillaries ap- 



; 2''40' 


21 

peared, main capillaries stood out 


.u 

1°53’ 

1.73 

19 

more clearly, circulation slowed and 



I 1“12’ 

3.34 

34 

became sluggish as capillaries be- 


100.5 

i 1°37' 

4.76 

40 

came dilated, congested and finally 


107.7 

1°45’ 1 

3.54 

28 

static 




1 


Liver: Hcmained normal for 30 to 90 




1 


minutes, then graduallj' the circula- 






tion Ijecame sluggish and stasis oe- 




1 

i 

curred first in sinusoids, then in 




! 

i 

larger veins; often not as much 

— 

! 



j 

congestion as normal 

CONTROIi; 

mm 



0.45 

-7 1 

Mesentery and liver: As in normal 




-0.78 

-8 1 

control in Table I 

BH 

KuOi 

[^^91 

1.10 

-1 : 



•Millions per o, mm. of Wood. 

I led from effect of pentobarbital sodium before bands were cut. 


ecame active but often thej- tvere not as congested as the}' are noi'mally. 
_ e circulation became sluggish and finally stasis oceuri’ed, fii’st in the 
sn^oids and tlien in the lai’ger veins. 

dema rapidl}' accumulated in the legs of the animals after the bands 
V ere cut, being so marked that the legs became abducted and externall}' 
ro ated. The average increase of the eireumference at the tibial tubercle 
rom the time that the bands were cut until the respirations had ceased 
was 0.7 to 0.8 em. 


4. Studies in Regard to Causation of the Ruhie?' Band 
Type of Shock 

a Wrapping of the Legs (Table IV, Fig. 1, b).--The legs of the 
tb ® J®’’® wrapped tightly vdth waterproof adliesive tape just before 

^ Avrappings were reinforced further vdth 

^•pe after the bands were cut. 

o/ih Liver; The usual capillary response was that 

sum ® control animal. Unless the legs were vmapped tightly, 

to ^ develop under the tape and the usual capillary response 

oek was present, hemoeoncentration occurred, and the animals died. 
cnDci'’i divided into two groups. Group a 

samn^- w-ere swapped tightly with tape at the 

haO L the other animals’ legs were wrapped, but no rubber bands 
aau been applied previously. 

o consisted of animals whose legs were wrapped tightlv with 
P tor five hours aiirl then the tape was removed. 
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Table IV 


KfTECT or RuimEii Uanbs on' Thiohs anb W);ajtjxo or Leos When Ban'Ds 

IVebe Cur 





I mrraiKxcE i.v 

) 

MJM- 

jirn 

AVEIGUT 

(OM.) 

VVr.ATIOS'i 

or Lirr j 

RED 

1 llhOOlt j 
CELLS* 

IfE-AtATO- 
auT j 

(PER 
CE.VT) j 

CAPILLARY KESPOKSE 


LEGS WlAPrEB TrOfTTLY 


I 

fl.'i.-l 

4^2' 

0.82 

4 

Alesentciy: Usually the normal cap- 


OJ.O 

(i*+ 

0.27 

4 

iJlarj- circulation was seen through- 

«» 

4 


G°+ 

0.52 

1 

out the entire si.v-hour period 


G°+ 

0.05 

'3 

Liver: Not different from normal, 

a 

118.4 

G-J- 

0.48 

1 

sinusoids remaining very active 

0 

J21.1 

8*25' 

0.82 

17 

throughout 

/ 

124.8 

G°+ 

0.87 

3 

Note; Onl3' abnormal feature seen in 

8 


5*20' 

0.30 

8 

this group was the edema of the 

0 

112.5 

G'+ 

0.07 

-2 

scrotum and penis, with occasional 

10 


G“+ 

0.44 

6 

urethral discharge. This edema 

11 

130.G 

G*+ 

O.OG 

*-2 

was A’ery marked in Animal 6 and 

12 

12G.4 

C°+ 

0.14 

1 

the scrotum became enormous and 
blue; this was the only animal in 
the group which had the usual 
capillary changes seen in shock 
(see Table III) 


LEGS WRAPPED LOOSELY 


1 

O 

lOG.O 

100.2 

[■NOiai 

1.21 

0.43 

25 

14 

Mesentery and liver: Capillary 
changes as seen in Table III 


COXTROLS a: OXLY LEGS 

aveatped; 

RUBBER BANDS NOT APPLIED 

1 




8 

Mesentery and liver: Entireh- nor- 

o 




4 

mal (Table I) 

3 




-4 


■i 

137.2 


BEIBi 




COOTBOLS B: LEGS WRAPPED THEX TAPE REMOVED 


1 

128.2 

G°+ 

0.35 

3 

Mesentery and liver: See normal con- 

2 

126.4 

C°-t 

0.30 

-4 

trol in Table I; even though these 

3 

128.6 

G"+ 1 

1 1 

0.07 

-I 

legs were wrapped very tightly, the 
! tourniquet effect of the rubber 
band was not present 


•Millions per c. mm. of blood. 


An experiment then was done to observe the eifects of temporary 
spHnting of tlie legs (Table V, Fig. 1 c). The rubber bands were placed 
around the hind legs for the usual five-hour period, the legs were 
apped tightly with adhesive tape, and the bands were cut. At the 
nd of one hour the adhesive tape Avrappings were removed. Tlie legs 
10- n to swell rapidly and Avithin thirty minutes tlie usual capillary 
..cA BPPn in the rubber band type of shock developed. Hemocon- 
woB uresent and there Avas the usual increase of the size of 
centration c ^ animals on whose legs the 

the legs. throughout the entire experiment and all of 

rubber ban^ ^ six-hour period of observation. The capillary 

these animals lu’e normal animal ; there Avas no increase of the 

response was tha^^^ jjemoeoneentration did not develop, 
size of the legs 
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Table V 


Effect of Eemoving 'Wbapping of Legs ax Honn After Hubbeb Bands AVeke Cdt 





[ DIFFERENCE IN j 


KBir- 

BEK 

WEIGHT 

(Gil.) 

DURATION' 

OFUFE 

RED 

BLOOD 

CELLS* 

HEMATO' 

CHIT 

(PER 

cent) 

CAPILLARY RESPONSE 


LEGS wrapped TIGHTLA’ WHEN BANDS WERE CUT; TAPES OFF AFTER 1 HOUR 



53' 



Alcsenten': Entirely normal until 15 


1°37' 



to 30 minutes after removal of 

124.2 

1°S' 



Avrappings, then the usual change 

168.2 

l^O' 

2.37 

36 

of appearance of new capillaries. 

163.2 

1°2S' 

2.40 

25 

sloning circulation, increasing eon- 

155.4 

1°4S' 

2.43 

30 

gestion, sluggishness, dilation, and 

139.2 

1°57' 

1.00 

19 

terminal stasis was seen 

110.0 

l^ol' 

2.96 

28 

Liver: No change from normal until 
after removal of wrappings; then 
gradual slowing of the circulation 
in the sinusoids with stasis and 
finally stasis in the larger veins of 
the liver were seen 


CONTROLS: BANDS LEFT ON 


1 

■tiW 

6°+ 


- 3 

Mesentery and liver: No difference 

2 


6°+ 


C 

from the normal control animals of 

3 

125.2 



-10 

Table I 

4 

140.4 

G“+ 

-0.99 

0 



‘Millions per c. mm. of blood. 


The questioa then arose: When the legs are WTapped tightly Avith 
adhesiA’-e tape, is not the same tourniquet effect present as though the 
rubber bands AA^ere left on thi-oughout the experiment? The adhesive 
’'^Tappings Avere proved not to haA'e such an effect by the folloAving 

obserA'ations : 

1. When the bands Avere cut, even though the legs AA-ere AATapped 
tightly, there Avas a return of the feet to a more normal color. 

2. Small cuts and bites on the feet AAmuld bleed AA^hen the bands Avere 
cut, even though the legs AA'ere Avrapped tightly. 

3. Shock could not be produced (control Group b, Table IV) bj'- Avrap- 
Piug the legs tightly for five bom’s and then removing the wrappings. 

lu order to determine AA’^hether the I’ubber band type of trauma Avas 
caused by bombardment of sensory impulses from the traumatized 
region, the lumbar portions of the spinal cords of eight rats were sec- 
loned. The length of life of seven of the rats after the rubber bands 
were cut is given in Fig. 1, d. Further details are presented in later 

paragraphs. 

In order to cheek further the effect of preventing loss of fluid by 
’^rrapping the legs, tAA'o dozen animals were divided into four groups. 

Group a Avas composed of six animals Avith rubber bands placed 
around all four legs for more than four hours. The bands then Avere 
cut. No animal lived longer than two hours and thirty-two minutes 

2, a). 

Group 6 was composed of the same number of animals and the same 
method aaus used, except that all four legs of the animals were AATapped 

















hvmmY 


8GS 


TArifE IV 


LnrcT or Jiumin; lUsns on Thioiis and Wi vmso ot Lres WurK Buds 

Wft.f Cut 





j Iltfl'IMVCl IV 

j { 

XUM- 
Illf. j 

^\^^,nT 1 
(03f.) j 

i>n:\TioN 
or ijjf 

I.FO 

‘ nroon 
(’ri.Ls* 

HFMVTO 
n.!T 
( vrn 
nwr) 1 

1 C\PJLI/.Ar.y RESPONSE 


i-rus Mt.Arpro rintiTLY 


1 

0.x 1 

j oO» 

0,S2 

4 

yiesentety: Usunllv the norraal cap 


0 

in 

0.27 

4 

illarj circulation vas seen through 

i 



0.52 

1 

out tlic entire si\ iiour period 


0'+ 

0.05 

-3 

Lncr: Kot different from normal. 

t" 

11S.4 

m 

0.4 S 


sinusoids remaining ren active 

0 

121.1 

3 '’25' 

0.S2 


throughout 


12i.S 

0°+ 

0.87 


Kotc: Only abnormal feature seen in 

s 

S7.0 


0.30 


this group «as the edema of the 

0 

112.5 

0”+ 

0.07 


scrotum and penis, with occasional 

10 

lOG.O 

0"+ 

0.44 

6 

urethral discharge. This edema 

11 

130.5 

0°+ 



nas very marled in Animal 6 and 

12 

120.4 

0“+ 

0.14 

i 

the scrotum became enormous and 
blue; this was the only animal in 
tlie group wlucii had the usual 
capillary changes seen in shoci 
(see Table III) 


LEGS iraAPPro LOOSELT 


1 

1 106.0 

■UgaBj 

I t-21 1 

1 25 

1 Mesentery and 

liver: Oapiharj 

O 

' 100.2 


( 0.43 j 

1 14 

changes as seen 

in Table III 


CONTROLS A. OXIY LEGS WHjlFPED; RUBBER BAXDS XOT APPLIED 


1 

o 

3 

4 


2‘’40' 

3'’12'+ 

0°+ 

6°+ 

0.49 

0.27 

-O.SO 

0 54 

8 

4 
-4 

5 

Mesentery and liver; Entirelj nor 
mal (Table I) 



CONTROLS B: legs Wr.APPED THEN TAPE FiEVOVED 

1 

\ 12S2 

f 0°+ 1 

i 0.35 1 

3 I 

1 Mesentery and liver: See normal con 

2 

120.4 

' fl°+ 

0 30 

~4 

trol m Table I; even though these 

3 

12S.6 

6°+ 

0 07 

~1 

legs were wrapped lery tightlj, the 
touriuquet effect of the rubber 
band was not present 


•Millions PCI c mm of blood 


An experiment tlien was done to observe the effects of temporaiy 
splinting of the legs (Table V, Fig. 1 c) The rubber bands were placed 
around the hind legs for the usual live-hour period, the legs were 
‘ pped tightly with adhesive tape, and the bands were cut At the 
d (S one hour the adhesive tape nwappings were removed. The legs 
T +n swell rapidly and witlim thirty minutes the usual capillary 
cpeu in the rubber band type of shock developed Hemocon- 
response p^ggent and there was the usual increase of the size of 
centration < in this group were animals on whose legs the 

+i,p leffs throughout the entire experiment and all of 


the legs 

rubber bands _were 
these ai 

response was ^*^^^'^""j^g"gconcentration did not develop, 
size of the legs 


nanus - six-hour period of observation The capillary 
nimalshwe^ of the normal animal; there was no increase of the 
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Kubber bands were applied to the liind legs of Group d and the legs 
were vn-apped tightly with adhesive tape before the bands were cut. 
All six of these animals lived throughout the six-hour period of observa- 
tion, five lived for twenty-four houi’s and three Avere living at the 
end of five days (Fig. 2, d). 



-1 2. — Further studv, showing the importance of local loss of fluid, a. Bands 

lees w around all four leg’s and then cut. D, bands placed around all four legrs, then 
rapped tightly before the bands were cut : c, bands placed around hind legs and 
“en cut, dj hmd legs wrapped tightly before bands ^ere cut. 

b. Section of the Spined Cord (Table VI, Fig. 1, d ). — The lumbar 
portion of the spinal cord was sectioned and the distal segment of the 
eord was needled. In some of the animals, c.c. of 10 per cent 

procaine hydrochloride was injected into the distal segments of the 
spinal cords. 

_ (1) aieseniery: Animals whose spinal cords had been sectioned 
either just before or just after the rubber bands were cut revealed the 
usual changes seen in the rubber band tviie of shock. However, in 
the other animals in this group, whose spinal cords had been sectioned 
rivo to fom’ days before tlie rubber bands were applied, there were 
innumerable newly functioning capillaries. Congestion and dilatation 
Were generalized and the circulation was much slower than normal. 
The onlj' noticeable change after the bands were eut was a gradual 
slowing of the circulation, occurring forty-five minutes or later with 
terminal stasis. Cord hladdera were also very prominent in this latter 
gfoup. 

3. Intravenous Therapy With the Rubber Band Type of Shock 

a. Ringer’s Solution (Table VII). — Ringer’s solution, 3 e.c. was given 
intravenously into the inferior vena cava over the course of one minute 
nt the time the rubber bands were cut. 
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0.' r«w: W 

^^ECS -n'ERj, c 

'J'nrK I / r ^ ^^-'steictei, 


^'T^oTbrnu??/-! — ~T~~ 

JI££o cut / o / ^3S.i 

l>eforo / '/ / J29.J 

J^-'inds vorcl 
cut / / 

— /~TT 

Ijofore / r 
''•nids ivoro / ^ 
npplied / / , 

^our'dHjr'/— ? — - J 

^oforo ^ i U4l^f 

bnmls ivorel * / / 

. ^'’cro cut / ^ T^M^j 

^^'■0 hours / 2 — /"rr ; — - 

before / / ^ 

-jjands cut / / / 

’before ''W 

& "^- / / 


f DtorJf"W'*WtATlo,vi 

^ Of’ijre / 


IJED 

elood 

cells* 


/ JIEifATo 
CEIT 
(eek 
CE.VT) 
~25 
2.i 1 

/ 

2S 


CONTROLS 

7~~oso~~i 


»xc/- I 

R / respol-se 

— ./ four aniniaJs aa a ‘ 

/ Table Iff t, .fT"GeG 

Jaries “«"• capij- 

Geld on w “^enteric 
tion ndtj, Ci-aniina- 

«on ttan 

"f •«”»?! ?“ 
Pafjc sinusoids ^ 


jSzSFSF^^ 

/ cSferieri“'“t^'® 


“=r===f=======J2^ '”’" *»“ *»«. B,.„. 


Srsr 


OF life 


red j wemato- I 

tOOD / CRir 


I RED 
blood 
CELLS* 


CAWLLARrREspo^g^ 


^^^entei^ — 

/ jojcction many nei^^n ^.?/™''oaou3 
/ came apparent ,f.vT oapiiiaries be- 
( of circulation • one^b sion-ing- 

' changes seen 'C s °T 

Wr: jfofc different Z ’' ‘^®''e^°Ped. 


! I / 

•Millions per c. mm. of blood. 


— — -taoje in 

tightly with adhesive tape just before tl 

these animals lived for six hours but werroie i Two of 
foiu- hours (Fig. 2, bj. at the end of twenty 

Enbber bands were applied to the hind le-s of p 
one-half hours and then cut. The longest pei“iod f ^ and 

and forty-seven minutes (Fig. 2, c). ^’as four houis 
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Table vni 


Effect of Intpavekous Injection* of Whole Blood When Edbbee BA^^)S 

Were Cdt 





MFFEREXCE IX 


xust- 

BER 

■WEIGHT 

(GM.) 

DURATION 
OF LIFE 

KEa> 

BLOOD 

CELLS'* 

HEMATO- 

CRIT 

(per. 

CEX'T) 

CAPILLARY RESPOXSE 

1 

97.5 

3°2' 

4.99 

30 

ilcsenterj” Follovring intravenous 

2 

122.2 

3‘’47' 

3.62 

21 

injection, many new capillaries ap- 

3 

120.6 

4°17' 

3.46 

29 

peared, with congestion and slowed 

4 

109.7 

4°26' 

4.92 

36 

circulation. The capillaries of Ani- 

0 

127.2 

4'’12' 

3.91 

29 

mal 7 remained this way; the other 

6 

116.0 

3°27' 

3.64 

31 

animals gradually went into shock, 

7 

130.6 

6°+ 

0.71 

16 

however, capillary stasis was pres- 

8 

112.0 

3°23' 

3.07 

37 

ent 1 to 2 hours before death 

9 

130.4 

3°7' 

2.03 

19 

rather than being a terminal phe- 
nomenon. 

Liver: Sinusoids were very full and 
distended, after intravenous injec- 
tion and stasis occurred 45 min- 
utes to lti> hour before death 


•Slitlions per c. mm. of blood. 


(2) Liver; Increased activity of the sinusoids was present following 
the blood transfusion. The sinusoids became widely dilated and marked 
congestion was present. Absolute stasis occurred forty-five minutes to 
one and one-half hour prior to the cessation of respirations. 

The length of life of the animals in this series was prolonged definitely 
(Fig. 3, c) and two to four additional doses of pentobarbital sodium 
were needed during the course of the experiments. Even when complete 
stasis was present, the animal was restless and needed more anesthetic. 
The respirator}' rate went as high as 160 to 240 a minute and remained 
elevated for one to two houre before the respirations ceased. One 
animal lived for the six-hour period of observation without exhibiting 
any capillaiy stasis and the hemoconcentration in this animal was not 
as marked as in the remainder of the group. 

The legs were much more edematous than usual, the circumference 
at the tibial tubercle showing an increase of 1.4 to 1.8 cm. rather than 
the increase of 0.7 to 0.8 cm. seen in the usual untreated t}'pe of rubber 
band trauma. 

c. Blood plasma (Table IX). — ^Blood plasma was first made by mix- 
ing 8 to 12 c.e. of blood with 0.5 to 1.0 c.c. of 10 per cent solution of 
heparin. The blood then was centrifuged for twenty minutes and the 
supernatant plasma was removed. Blood plasma, 3 to 3.5 c.c., was gi\'en 
intravenously at the time the rabber bands were cut. Considerable 
hemorrhage was encountered on some occasions so that subsequently a 
^ per cent solution of heparin was used in this procedure with better 
success. 

(1) Mesentery: The eapillaiy response resembled that found after 
intravenous administration of Kinger’s solution. Immediately follow- 
ing the injection of plasma, a few newly functioning capillaries appeared 
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(1) Mescnicrji: Following the intravenous injection, newly fune- 
tioning capillaries appeared and the circulation was slower than normal, 
hut no obvious dilatation or congestion was present. About one and 
one-half hour later, the circulation became much slower and dilatation 
and congestion occurred with terminal stasis, 

(3) Liver: Following the injection, all of the sinusoids became active 
but not congested. After one and one-half hour, the circulation gi’adu- 
ally slowed down and tenninal stasis occurred. 

Oji compai-ison of untreated rats to the thighs of which rubber bands 
had been applied (Fig. 3, a) with the rats that had received Ringer’s 
solution (Fig. 3, h), it was evident that life was prolonged to some 



font tn the latter group and it Avas necessary to give an additional 
d^e of peLbarbital sodium to each animal in this series; AjRereas 
S fl.e untreated type of rubber bund traume, none but the 

dose of pentobarbital sodium ivas needed. 

The let's AA'ere much more edematous than in the orduiary type o 
T r a +™nma and hemoconeentration was present, 
imbber an VIII)-— ’s Avhole blood, 15 e.c., ivas mixed 

S. Ition of eodiun. eitrate. Thie mintur. 

with 2 h gauze and 3 to 4 e.c. ivas given intravenously at 

was filterea tiands ivere cut. 

the time the ru ^ functioning capiUaries appeared and 

(1) MmnUrij: ^ slaving of the circulation. _ In aU 

marked about one to tivo liours before tlie respirations 

cases, stasis occ 
ceased. 
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death was seen with torniinal stasis in those animals that died, Avhereas 
in those that lived the sinusoidal circulation remained quite rapid. 

In the cases of hemorrhage, although congestion did not develop, the 
paleness seen in the mesentery was not present. 

The lives of four of these animals (a tJiird of the group) persisted 
for the six-hour period of ohseiwation and those that died needed two 
to four additional do,ses of pentobarbital .sodium (Pig. 3, d). The 
abdomen of one animal was closed after the specimens for hematocrit 
and cell counts were taken by cardiac puncture thi'ough the diaphragm 
and this animal wa.s living at the end of two days with increasing edema. 

There was the usual increase of the size of the legs of this group 
as observed in all the animals treated with intravenous fluids. 

There was no difference in the respirations of the untreated group, 
those treated with Ringer’s solution, or those treated with blood plasma. 

G. Adrenal Cortical Hormone With Rubber Band Type of Shod: 

This is illustrated in Fig, 4. Thirty-six animals were divided into four 
groups of nine animals each. 

The animals in Group a received 1 c.c. of Ringer's solution sub- 
cutaneously on three consecutive days, while those in Group b received 
1 e.e. of adrenal cortical extract mixture (667-1 Kendall’s laboratories), 
Jn which each cubic centimeter was equal to 75 Gm. of the gland, 
subcutaneously on three consecutive days. The last dose in all eases 
of Groups a and b was given one hour before the rubber bands were 
cut on the third day. One animal in Group b died from the effects of 
administration of pentobarbital sodium at the time of application of 
the rubber bands. 

There was a suggestive increase of the length of life of the animals in 
Group h over those in Group a, but certainly nothing conclusive (Pig. 
4, a and b ) . 

The animals in Group c were given 2 c.c. of sesame oil sui)cutaneously 
two and one-half horu’s after the bands were applied and those in 
Group d were given 2 c.c. of adrenal cortical extract in sesame oil sub- 
cutaneously at the same time. (Two cubic centimeters of this mixture 
was equal to 1 mg. of compound E and equal also to 1,500 6m, of the 
gland.) The bands were left on for a total of five houi’s. 

There was no demonstrable difference between the two groups in 
respect to length of life after the bands were cut (Pig. 4, c and d). 

SUMMARY AXO COXCLCSIOXS 

1. A comparison of the effects of histamine and shock on the eapillary 
hed \rith the normal capillaiy circulation has been presented. 

2. Histamine, when applied locally to the mesentery and liver of the 
i’^t, had no demonstrable effect on the capillaries. Yeiy definite 
capillary effects M-ere observed when histamine urns given in large doses 
(12 to 20 mg. of the base per 100 Gm. of body weight) by the intra- 
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Table IX 


Effect op Ikteavenous Injection of Blood Plasjia When Eubbeb Bands 

Were Cut 


NUjr- 

BKR 

•\VKI0TIT 

(OM.) 

DTTKATIOX 
OK LiKi: 

jirFKKfi 

ItED 

BLOOD 

CELLS* 

ENCB IN 

IIEMATO- 

CKIT 

(PER 

CENT) 

capillary response 

1 

i:m.g 

Hzai 


13 

Mesentery; X’ot different from the 

o 

120.5 



0 

group tieated with Ringer’s solu- 

3 

110.5 

■i iRfl 


32 

tion except in Animals 1, 2, 8, and 

•11 

152.0 

■ IWM 


13 

12 which lived for 0 iiours, and 

at 


1°5S' 

-0.50 


their capillary circulation returned 

0 

11S.2 

3° 3' 

2.51 

21 

to normal 

71 

101.4 

3 '27’ 


11 

Liver: As in Table HI, except those 

S 

144.5 

6°+ 


11 

animals that lived, in which the 

91 

12S,5 

1”53' 

1.81 

25 

sinusoidal circulation remained 

10 

122.5 

■fiiH 

1.42 

13 

very active 

11 

111.0 


1.74 

17 


12 

120.4 

0°+ 1 

0.53 

14 



‘Alillions per c. mm. of blood. 
tDenotes hemorrliaec. 



Number of animals 


XT I u-ffonto of adrenal cortical hormone alone, a. Animals griven 1 c.o. of 
xj- ^'^'>=^=olntiQ? subcutaneously on three consecutive days, then shock induced: i>, 
Binger s solution adrenal coitical mixture in Bingrer's solution subcutaneousb 

animals £■' e” ^ „ shock induced (each cubic centimeter of adrenal cortical 

on three consecutne da>s trmnsnoc^^ treated with 2 c.c. of sesame oil subcutane- 

mixture equals before siiock was induced; d. treated with 2 c.c. of 

ously two and one nail ® “ 1 t,vo and one-half hours before shock was in- 

duced (fu'ch a dose wLsVuat 1 me. of compound E and 1,500 Gm. of the gland.) 


nml q slight slowing of the circulation often iras seen. In a few m- 
Inces this effect was temporary and tlie circulation soon became 
l’ In the others the decreased circulatory speed was maintained 
two hours prior to death the cireulation became sluggish 
rf Zis « » Uinal phenomenon .■.othee Ih.n an eavly <»c„ree„ce 
ritb the use of whole blood. 

asseeii^ . , ,^e]iich hemorrhage occurred, dilatation was 

f w few cells were present in the terminal stages, resulting m 
present, out . capillaries and a pale appearance oi tlie 

a vacant appearance 

region in genera sinusoids became very active, maintaining a 

(2) -liver: All o niarkedly congested. The usual response 

rapid circulation, and a half prior to 

, P -i^TTfinfr ot tuG t 
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of observation. Accompanying the prolonged period of capillary 
stasis ivas the pei’sistence of a veiy rapid respiratory rate for about 
one hour prior to the death of the animals. 

c. Blood plasma allowed the animals to live longer than the con- 
trols, one third of the animals liiing for the six-hour period of 
obseiwation. This fluid was definitely the most efficacious in pre- 
venting the onset of shock. 

6. Adi’enal cortical hormone, used alone, ivas of no etfeet in j^rolong- 
ing the lives of the animals undergoing the rubber band type of trauma. 
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venous route. When given i-apidly into the veins, 27 to 33 mg. of the 
base per 100 Gni. of body weiglit was found to be the iethal dose. 

3. In tlie rat, slioek was jjroduced by intestinal manipulation, exposure 
of intestines to eold, and occlusion of the circulation to the hind limbs 
by means of rubber bands. 

4. The causation of the rubber band type of trauma ivas studied from 
three viewpoints; namel.y, as being due to (a) early toxic effects on 
the capillaries, (b) bombardment of sensory impulses from the trau- 
matized region, or (c) local loss of fluid into the damaged region. 

a. Since large doses of histamine were necessary to cause death 
of the animal and also since histamine is removed rapidly from the 
blood stream of the rat, it -would seem that histamine was not the 
causative factor in this t 3 ^pe of shock. 

No immediate eapillaiy dilatation was seen to occur in the 
mesentery or hepatic capillaries Avhen the rubber bands were re- 
leased. When the loss of fluid was minimized bj"- ■\\T’apping the legs 
tightly, the capillary bed did not differ from that of the normal 
control animal over a six-hour period of observation following 
the cutting of the bands. Thus, there was no positive evidence 
for the liberation of a toxic substance causing immediate capillary 
damage in this type of shock. 

b. Section of the lumbar portion of the spinal cord with needling 
of the distal segment of the cord did not prolong the lives of the 
animals in the rubber band type of trauma and, therefore, the 
bombardment of sensory impulses from the traumatized region 
would seem to play a minor role in the causation of this type of 


shock. 

c. Wrapping the hind legs tightly -vvith adhesive tape just before 
the rubber bands were cut, minimizing the local loss of fluid, did 
prevent the onset of shock as was confirmed by the normal respira- 
tory rate, the normal capillary circulation, the general condition of 
the animal, and the normal results of hematocrit and red blood cell 

studies. 

Temporary rvrapping of the legs for one hour after the bands 
were cut was not of any benefit. 

5 Fluids were given intravenously to the animals at the time the 
■ . .^yere cut. In all these cases, there was mucli more edema 
^ tliriegs and pelvis than was seen in the untreated occlusive circulatory 

tjTre solution enabled the animals to live a little longer 

® urnk and necessitated one additional dose of pento- 
than the controls 

barbital animals to live longer than the 

b. Whole jj^ijitional doses of pentobarbital 

controls, necessr a r o oroup lived for the six-hour period 

sodium. One animal in tn » 
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one-fourtli of the total volume of blood removed. The protein content 
of the concentrated serum and plasma varied from 15 to 20 per cent, 
that of the normal from 4 to 6 per cent. In several instances, as others 
have noted,” vliere concentrated and even normal plasma was adminis- 
tered rapidly, the animals exhibited severe tetany, evidently due to a 
lowering of the free calcium ion concentration by the considerable 
amounts of infused sodium citrate. No such effects were observed when 
normal or concent I’ated serum was given at comparable rates. The re- 
sults of the experiments are summarized below. 

1. Blood Pressure . — The blood pressure rose to near normal levels in 
all four groups of animals, but with normal scrum or plasma the response 
was more rapid and more pronounced. Those receiving the normal 
material responded maximally in four to fifteen minutes, after injection, 
eompai’ed to fifteen to thirty minutes in those receiving the concentrated 
infusion. Another significant observation was the apparent overburden- 
ing of the heart by rapidly infused concentrated solutions. This was 
manifested by a transient drop in the diastolic pressure and slowing of 
the heart during, and shortly after, such infusions. 

The animals treated with concentrated solutions were unable to main- 
tain their blood pressures when subsequent small amounts (10 to 20 c.c.) 
of blood were withdrawm one hour after the infusion. 

2. Carbon Dioxide Content of the Blood— Tha carbon dioxide content 
seemed to be a far more aceui'ate criterion for the degree of shock, extent 
of recover}’, and prognosis than the blood pressure. Often a dog whose 
blood pressure and circulating time had returned to normal after in- 
fusion had a carbon dioxide content of 10 to 25 volumes per cent and, 
subsequently, its condition deteriorated. 

Following liemorrhage, the dehydrated dogs usually developed more 
rapidly a severe degree of shock as indicated b.v a lower CO,. After in- 
fusion, in the dehydrated dogs the CO 2 did not return as well as in the 
normal animals. In general, the effect of normal serum or plasma was 
superior in both groups to that of the concentrated solutions, as reflected 
by the higher level to which the CO, rose follo^ving administration of 
the former. 

3. Plasma Volumes.— Plasma volumes, in general, rvere increased sig- 
nificantly in all four groups of animals following infusion. Despite the 
increase in plasma volumes, the dogs receiving the concentrated infusions 
failed to survive as long as those animals receiving normal infusions. 
This was particularly pronounced in the dehydrated animals. Ap- 
parently, the gain in plasma volume and the improvement in circulation 
following infusions with concentrated solutions were achieved by an 
exti’eme and unphysiologic withdrawal of extra vascular fluid and, eon- 
sequentl.v, damage to vital organs and functions may have resulted. 
It would, thus, seem paradoxical to restore circulating volume and at the 
same time severelv damase the tissues by a therapeutic measure. 



THE EFFECTS OF CONCENTEATED SEEUM IN CONTEAST TO 
ISO-OSJLOTIC PLASMA UPON NOEMAL AND 
DEIIYDEATED DOGS IN SHOCK« 


b. 0. LnviNSOx, JI.D., E. E. Wkstok, M.D., jMartha Jaxota, i\I.S., and 
II. Nkciikles, M.D., Ph.D., Chicago, III. 

(From the Snmud nadsch Scnnn Center and From the Department of Gastro- 
Intestinal Fcsearch, Michael Feese Hospital) 


H UJIAN plasma and serum are being prepared and used extensively 
at Die present time. It lias been advocated by some'"^ tliat con- 
centrated plasma protein solutions should be used in the treatment of 
shock; othci's'* have reported that concentrated and normal protein 
solutions are of equivalent value in the treatment of experimental post- 
hemorrhagic shock; still others'' have found that concentrated plasma is 
of no prophylactic or therapeutic A’alue in experimental shock. In view 
of these conflicting reports and in view of the use of large amounts of 
concentrated plasma protein solutions in the armed forces, a thorough 
understanding of the comparative effects of concentrated and normal 
plasma is needed. Furthermore, in view of the fact that dehydration 
of combatants is almost inevitable, it is necessary to evaluate the thera- 
peutic effects of normal and concentrated plasma or serum in relation to 
the state of hydration of the individual. The pui'pose of tliis preliminary 
communication is to present our laboratory experience on the use of 
normal and concentrated plasma or serum in normal and dehydrated ani- 
mals. On the basis of this experience, we feel that concentrated blood 
protein solutions must be used circumspectly, esjieeially in dehydrated 


indimduals. 

Shock was produced in dogs by graded hemorrhage, a procedure which 
has been found to deplete fluid reserves severely." The state and severity 
of shock was judged by general condition, circulating time, plasma 
volume, hematocrit, carbon dioxide content of the plasma, and blood 
pressure. Essentially two groups of dogs were studied, each gi-oup con- 
tainin'^ at least tivelve animals: (a) Normal dogs transfused witli nor- 
mal or with fourfold concentrated canine sei-um or plasma; (b) de- 
hydrated dogs transfused with normal or with fourfold concentrated 
canine serum or plasma. 

A eauivalcnt amount of protein was restored to all animals, the only 
rffclnce in the infusions being the water content. iNormal serum or 
ctuteici to these animals in an amount equal to the total 

plasma i-emoved during the graded hemorrhage at a rate of 50 

volume ot jj^jjjute The fourfold concentrated solutions were given 
to 100 c.e. pel niinute in an amount equal to apju'oximatcl.v 

qt a I’ate ot &o i 

, tiie Michael Reese Rescaicli Founaatloii. 
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SURGICAL EXCISION OF PEniAEY TUMOR OF LIVER 

(HARilARTOMA) IN INFANT SEVEN MONTHS OLD . 

WITH RECOVERY 

Clifford D. Benson, M.D., and GRoraR C. Penberthy, M.D. 

Detroit, Mich. 

(From the Surgical Service, Harper Hospital) 

pRHIARY tumor of the liver in infants is extremely rare but various 
A pathologic tj'pes have been described, the most common and most 
malignant being the primary liver cell cai'cinoma. Small hemangiomas 
of the liver are found occasionally at autopsy as incidental findings. 
They rarely produce sj-mptoms of clinical significance. Of the benign 
tumors reported, the solitary adenoma is best known; this usually arises 
from the right lobe of the liver and may reach considerable size. Ha- 
martoma of the liver in infants is another type of benign tumor de- 
scribed in the foreign literature by two authors, each reporting one 
patient, the diagnosis being made at autopsy in each case. Dr. Ladd 
of Boston has operated upon two such patients, one of whom survived 
the operation. Both patients were under one year of age. It has been 
emphasized bj-- Albrecht, that in the "hamartumors,” a very different 
developmental disturbance proceeds, namely, an excessive development 
of one tissue of one organ or the retention of the tissue in an embryonal 
state. Ladd has also stated that this tumor is really not neoplastic but 
should be regarded rather as development of abnormally placed liver 
tissues which are attempting to fonn liver substance but yet not at- 
taining the complete pattern of the normal organ. The mass contains 
imperfeetl}" formed liver lobules, biliarj- ducts, and possibly blood vessel 
networks in a purposeless arrangement. Mitotic figures are rare, there 
IS no tendencj^ to invasion of the surrounding tissues, and metastases do 
not occur. The mass may be encapsulated and mei’ge with the liver 
substance. The following case is presented. 

CASE report 

The patient, a white female, 7 months old, was first seen on Jan. 16, 1942. Five 
Weeks previous to this date, a questionable mass had been noticed midway between 
the right upper and lower quadrant of the abdomen. Since tlie first examination, 
the mass had increased in size but produced no sjaiiptoms except occasional vomiting. 
There had been no loss of weight. From the clinical findings it was thought that this 
mass might be either a AVilms’ tumor of the kidney or a tumor of the liver. 

An intravenous pyelograra showed the kidney, pelvis, and calices to be normal 
nt ther e was a questionable enlargement of the riglit lobe of the liver, Subse- 

Tii at the Second Annual sreetingr of Central .Surgical Association. Cliicago, 

ru.. ieh. 27 and 2 S, 1942 . 
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4. Clinical Conditions and Survival Times. — T]ie clinical condition and 
sui’vival time of the iioi’mal as avcII as the dehydrated dogs infused with 
normal plasma or serum Avas distinctly superior to the comparable groups 
receiA’ing the concentrated material. 


CONCLUSIOKS 

1. Concentrated plasma or serum A\ms found to be less effeetiA'e in 
the restoration from shock and in maintenance of life thereafter than 
AAms normal plasma or serum. 

2. The slate of hydration Avas an extreme^ important factor, in the 
ability of an animal to AAuthstand shock and its response to therapy. De- 
hydrated animals dcAmloped a more profound state of shock. Their re- 
sponse to plasma or serum infusions, and particularly to concentrated 
solutions, AA'as decidedly poorer than that of normal animals. 

3. Therefore, it can be anticipated that Avhen concentrated plasma or 
serum is administered, and partieularlp to dehydrated individuals, the 
degree and duration of improA'cment are apt to be incomplete and 
transient. If onij' concentrated serum or plasma is aA'ailable, additional 
normal plasma or saline solution should be administered simultaneously, 
or at the earliest possible moment. 

4. The amount of citrate contained in plasma may be sufficient to 
produce tetany if administered rapidly in large amounts. 
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quently, the patient was cj'stoscoped and a filament-like catheter was introduced 
into the right ureter and was injected with an opaque media. 

Following tlie cy.=toscopy and pyelogiam studies, a barium enema showed the 
ascending colon and cecum to be displaced medialward, underlying the spinal area. 

From these findings, a diagnosis of probably primary tumor of the right lobe 
of the liver was made and surgical intervention advised. 

On Jan. 21, 1942, a laparotomy was performed under ether anesthesia. The 
peritoneal cavity was entered through a high right pararectus incision, with later 
conversion to a T type of incision. On introducing the hand into the right upper 
quadrant, a mobile tumor was palpated at the outer margin of the right lobe of the 
liver and it could be delivered into the operative wound. On gross examination, 
its surface was quite vascular with large veins on the anterior surface and was 
classified as a hepatoma. Gauze pads were placed in the right upper quadrant 
isolating the tumor proper (Fig. 3). 



Piet. 7 (H. P.). — Manv large hepatic cells with oval or round nuclei are seen; there 
IS vacuolization of the liver cells and no regular arrangement Ko mitotic figures are 
present 

Through-and-through chromic catgut sutures were placed in the liver substance 
approximately 0.5 cm. away from tlie borders of the tumor. The tumor was excised 
with the cauterj- knife as illustrated in Fig. 4, B. Hemostasis was accomplished by 
touching the raw surface of the bver with the Bovie coagulating blade. The free 
edge of the greater omentum was tucked into the operative defect in the liver and 
anchored in place by the catgut sutures (Fig. 4, C). At this point, the patient 
showed evidence of moderate surgical shock which was quickly overcome by a 
transfusion of 100 c.c. of blood. The abdomen was closed in layers using 0 chromic 
for the peritoneum, and interrupted silk for the fascia and skin. The postoperative 
coarse was uneventful and the patient was discharged on the tenth day after 
operation. On the last examination. May 2. 1942, she was in excellent liealth. 
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GASTRIC SECRETORY DEPRESSANT IN GASTRIC JUICE"' 

Alexixder Bruxschwig, jM.D., Richard A. Rasjiussex, i\LD.,t 
Ed\vard J, Cahp, il.D.f AXD Robert ]Moe, Chicago, III. 

(Depart menfs of Surgery and Medicine, The University of Chicago) 

''pHE discovery of a gastric secretory depressant factor in gastric 

Juice of patients with achlorhydria and gastric carcinoma,^ and 
acldorhydria and pernicious anemia- was described in previous reports. 
The acid gastric Juices of i)atients not presenting these diseases and 
which were employed in control studies M'ere also found to contain this 
factor but in olniously much lower concentrations. This led to the 
hjliothesis that the factor was perhaps a normal constituent of gastric 
IHiee and was present in increased concentrations in the achlorhydric 
ga.strie Juices of patients with the above diseases. Further studies were 
carried out to obtain more data on this question. 

METHODS 

The same procedures were followed as in the prenous work. Subtotal 
gastric pouches eannulated to the exterior were made in dogs. A month 
or more later the animals received intrai’enous injections of neutralized 
human gastric juices (10 to 20 e.c.) in order to immunize them from 
febrile reactions due to sucli injections, since rapid rises in temperature 
"ill themselves induce a transitory achlorhj’dria. Some animals do not 
become fever resistant as a re.sult of these injections but the acid- 
secreting mechanism of the ga.strie pouch does become immune to the 
inhibitory influence of fever. 

With the animals thus prepared, experiments were conducted as 
follows: The animal, placed upon a table, is fed lean meat and when 
vigorous secretion from the eannulated pouch obtains, the test solu- 
tions or suspensions are injected intravenously and the gastric juice 
then collected at 10-minute intervals, the volume is noted, and free and 
combined acidity are titrated, using Vio N - NaOH and Toepfer’s 
feagent and phenothaleine as indicator. Frequent rectal temperatures 
sre obtained to ascertain any imusual rise in temperature that might 
invalidate the exiieriment. The animals are also fed meat, forcibly 
if neeessarj', at 30- to 40-minutc intervals to insure continued physiologic 
stimulation for secretion of ga.stric juice. If, as a result of an injection, 
achlorhydria occurred the experiment was continued until there was a 
I'etum to preinjeetion levels of volume and acidity. As in the previous 
studies, the arbitrarj- method for recording results was as follow's: 
y redu ction in 10-minute secretion volume to 3 drops or less for at least 

conducted under a grant made by the International Cancer Re- 
stomach Philadelphia, Pa., lor the study of the physiology of the cancerous 
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The microscopic studies as reported by Ur. Plinn P. Morse were as follows. This 
tumor consisted of irregular lobules of large liver cells arranged in cords with clear 
vacuolated or acidophilic granular cytoplasm, round to oval nuclei, and a few 
definite nucleoli. There nas moderate fatty degeneration of individual liver cells. 
The lobules were separated by dense fibrous conneethe tissue bands in which there 
M'as a marked proliferation of the bile duets with some infiltration into the sur- 
rounding hepatic parenchyma. These bile duct radicles were evidenced by euboidal 
cells with prominent nuclei, clear cytoplasm, and small tubules with empty lamina. 
There was no bile stasis. Bistinct mitotic figures were not seen in either the hepatic 
or bile duct cells. 

Mioroscojiio — Liver coll hamartoma or solitary hepatoma (Erring). 


smiMARY 

Complete excision of a primaty encapsulated tumor of the liver 
(hamartoma) in an infant seven months old, tvith recovery, has been 
described. The reeogtiition of tumors of the liver in infants is impor- 
tant. All such patients deserve exploratory laparotom)’- because, in 
spite of the fact that liver tumors in infants cany a poor prognosis, 
oeeasionally a benign tumor such as the one described will be found. 
Complete surgical removal will offer a good prognosis. Hamartoma 
tumor of the liver can be considei*ed benign for the following reasons; 
(1) It is well encapsulated and has embryonal characteristics, (2) it 
shows no tendency to invade neighboring tissue, (3) on microscopic ex- 
amination no mitotic figures are found, (4) metastases do not occur, and 
(5) symptoms arise only from the progressive growth of the tumor with 
subsequent displacement of neighboring structures. 
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GASTRIC SECRETORY DEPRESSANT IN GASTRIC JUICE^ 

Alex^vnoer Bruxschwig, M.D., Richard A. Rasmussen, iLD.,t 
Edward J. Camp, JLD.t and Robert jMoe, Chicago, III. 

(Departments of Surgery and Medicine, The University of Chicago) 

'T'HE discovery of a gastric secretory depressant factor in gastric 
■I juice of patients with achlorhydria and gastric carcinoma,^ and 
achlorhydria and pernicious anemia- was described in previous reports. 
The acid gastric juices of patients not presenting these diseases and 
which were emploj-ed in control studies were also found to contain this 
factor hut in ohi-iously much lower concentrations. This led to the 
hjTothesis that the factor was perhaps a normal constituent of gastric 
luiee and was present in increased concentrations in the achlorhydric 
gastric juices of patients with the above diseases. Further studies were 
carried out to obtain more data on this question. 

JIETHODS 

The same procedures were followed as in the preiious ivork. Subtotal 
gastric pouches camiulated to the exterior were made in dogs. A month 
or more later the animals received intravenous injections of neutralized 
human gastric juices (10 to 20 c.c.) in order to immunize them from 
febrile reactions due to such injections, since rapid rises in temperature 
''RI themselves induce a trausitoiy achlorhydria. Some animals do not 
become fever resistant as a result of these injections but the acid- 
secretmg mechanism of the gastric pouch does become immune to the 
mhibitory influence of fever. 

With the animals thus prepared, experiments were conducted as 
. ows: The animal, placed upon a table, is fed lean meat and when 
Rigorous secretion from the eannulated pouch obtains, the test solu- 
lions or suspensions are injected intravenously and the gastric juice 
hen collected at 10-minute intervals, the volume is noted, and free and 
combined acidity are titrated, using %o N - NaOH and Toepfer’s 
reagent and phenothaleine as indieatoi-s. Frequent rectal temperatures 
obtained to ascertain any unusual rise in temperature that might 
Mialidate the experiment. The animals are also fed meal, forcibly 
^ necessary, at 30- to 40-rainute intervals to insure continued physiologic 
stimulation for secretion of gastric juice. If, as a result of an injection, 
^ehlorhydi'ia occurred the experiment was continued until there was a 
tetiTO to preinjection levels of volume and acidity. As in the previous 
studies, the arhitrarj* method for recording I’csults was as follows: 
w redu ction in 10-minute secretion volume to 3 drops or less for at least 
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Research Assistants, International Cancer Research Foundation grant. 

Received for publication, ilarch 14 . 1942. 



ounuu-ux 


20 minutes witli persistence of free acid; -h-, acLioriiydria for 10 to 20 
minutes; -h+, aehloriiydria for 30 to 50 minutes; -h-h-, aelilorliydria 
for 60 minutes ov more. 

Precipitation of the Active Factor.—iiumevous attempts were made 
to obtain an active fraction (containing tlie secretorj^ depressant) of 
the gastric juice by various types of precipitation. It was observed that 
an addition of four volumes of absolute alcohol to neutralized juice 
yielded a ■white tloeculent jireeipitate which contained the secretorj^ 
depressant. This method was emplo^yed in all of the follovnng studies, 
tlie quantity of the precipitate obtained varied for equal volumes of 
juice. After addition of the alcohol, the mixture was placed overnight 
in the refrigerator. The next morning as much as possible of the clear 
supernatant liquid was decanted and the remainder centrifugated. The 
precipitate was then dried in air and resuspended in 10 to 20 c.c. 
distilled water for injection. 


SERIES I 

To Determine Whether the Gastric Secretory Depressant Factor is 
Present in Dog’s Gastric Juice . — Pouch gastric juice was collected from 
a given animal which was fed meat. The samples were pooled and 
stored in a largo bottle. When the desired volume was obtained it was 
neutralized to litmus with NaOH (care being taken not to reach al- 
kalinity because this frequentl 3 ’- inactivated the factor) and precip- 
itated as described above with alcohol. The precipitate of a small 
volume was injected as a first experiment, to be followed in a few 
hours on the next day by injection of tlie precipitate of a much larger 
volume. Wlien achlorlij^dria developed, the latent period varied from 
twenty to fifty minutes, sometimes longer. In each case the precipitate 
was obtained from the juice of the dog used in the experiments. 

The results are summarized in Table I. They show that the smaller 
or moderate doses were without effect but that the precipitates of large 
quantities of juice contained sufficient of the factor to cause transitory 
inhibition of secretion volume and disappearance of acidity. The pro- 
longed achlorhydria of five hours and twenty minutes observed in one 
experiment is quite unusual. TJie negative e.xpei'iments, five of a total 
of fourteen wliere 800 c.c. or more of tJie juice was used, suggests a 
marked variation in the concentration of Die factor in the pouch juice 

obtained. 

.SERIES n 

rp Observe Whether the Gastric Secretory Depressant Js Present in 
n „fP{ps of Neutralized Add Human Gastric Juice From Pa- 
large Gastric Cancer or Pernicious Anemia.— The juice 

Dents A or r ' subjected to routine histamine tests for 

was obtame outpatient and Jio.spital divisions. Only 

gastric secretion ^{,ese ^vere filtered through gauze before 

acid juices entities exceeding 150 c.c. were employed, several 
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In this sex’ies of observations "one dose" was arbitrarily chosen as 
the 80 per cent alcoholic precipitate of neutralized juice, the volume of 
the juice being equal to 1 c.c. per kilogram weight of the dog employed. 
The weights of the animals employed varied from 7 to 12 kg. The 
results of the experiments are summarized in Table II. The progressive 
increase in incidence of positive experiments paralleling the increase 
in volume of juice whose precipitate was injected indicates the presence 
of the gastric secretory depressant in relatively low concentrations in the 
pstric juice. Pig. 1 is a graph showing secretory depression following 
intravenous injection of the alcoholic precipitate of 200 c.c. of pooled 
samples of acid human gastric juice. Further experience showed that 
the 80 per cent alcoholic preeiixitate of 500 c.c. of neutralized acid 
human juice produced transitory achlorhydria in the pouched dogs in 
over 90 per cent of the experiments, of which more than twenty-five 
were performed. 



Vith showing reduction of acidity and finally transient achlorhydria, 

volume of secretion of dog’s gastric pouch following intravenous 
of Mn - „ ‘ V water in which was suspended an 80 per cent alcohol precipitate 

histam.n neutralized acid human gastric juice (pooled samples obtained hy 

ciroSnlfif V'. : ■•■•t presenting pernicious anemia or gastric 

1?. ll'l® ' '■ ■ ■“ ■" period for the development of achlorhydria 

“'ving injection of ;!.■ ; . istric juice was unusually prolonged. 


series' in 

^0 Observe the Presence of the Gastric Secretory Depressant in 
Human Achlorhydric Gastric Juice From Patients not Presenting 
Gastme Carcinoma or Pernicious Anemia. — The aehlorh 3 ’dria juices were 
obtained in a similar manner as for Series II described above. Because 
the volumes of such juice obtained from a given patient are not as 
lorge as where acid juice is secreted, experiments with large volumes 
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wore not performed. The results obtained are summarized in Table III. 
The incidence of positi%m experiments with smaller doses is appreciably 
gi eater than that obtained with comparative volumes of samples of 

Table I 


Observations on the Induction op AciitoRiiyDBu in dogs bv 80% Aucohod 
Precipitate op the Dog’s Own Juice 


DOG j 

RESULTS WITH PPT. OF 
S.MALL VOLU.ME 1 

results with PPT. OF 

Larger voLUjfEs 

C.C. OF 
' SAAfPLE 1 

1 ACIII/OR- 
1 iiruRU 

1 C.C. or 
SA^AfPLE 1 

1 ACHLOnHyPHIA 

Lady 

10 

— 

115 

— 

Wal. 

12 


78 

— 

Pep. 

10 


SO 

— 

llODl. 

15 

— 

500 

_ 

Lady 

12 

... 

600 

- 

Wal. 

12 

- 

800 

+4+ (40 minutes) 

Wal. 

12 

- 

1000 

-H- (20 minutes) 

Osw. 

10 

- 

900 

+++ (40 minutes) 

Wal. 

12 

- 

900 

+4+ (40 minutes) 

Gmg. 

12 


1000 

++ (10 minutes) 

Wal. 

12 


1000 

- 

Kom. 

15 

- 

1000 

++++ (5 liours, 20 minutes) 

Bom. 

15 

- 

1000 

- 

Wal. 

12 


1000 


Wal. 

12 

- 

1000 

- 

Longf. 

12 

- 

1000 

+ 

Horn. 

12 

- 

1000 

+ 

Ging. 

12 


1000 

- 

Longf. 

12 

+ 

1000 -H-ff (90 minutes ) 


Tabde II 

Achlorhydria Produced in Dogs by Injection of 80% alcohol Precipitate 
OP Neutralized Human Acid Gastric Juice* 


quantity op juice 

PPJICIPITATED 


NO. OP EX- 
PERI.MENTS 
NEGATIVE 


NO. OP EXPERIMENTS 
SHOWING ACHLORHYDRIA 
on MARKED suppression 
OP secretion volujie 


PER CENT OP 
EXPERIMENTS 

"positive” 


Single "dose” 

Triple "dose” 

Four to five "doses’ 

Six to eight "doses’ 
Nine to sixteen "doses’ 


04 

10 

20 

29 

14 

3.1 

12 

9 

42 

24 

17 

55 

12 

20 

00 


•BTom patients not presenting gastric carcinoma or pernicious anemia. 

One "dose" = precipitate of volume of Juice equal to 1 c.c. per l<ilogr.am welglit of 
the aninia! employed. 

Table HI 

phydria Produced in Docs by Injection op 80% Alcohol Precipitate 

AOHLO. ' QJ. ^CIILORHYDRIO Hu-man GA.STRIC Juices* 


quantity op JOICE 

TRECTPITATED 


NO. OF exi-eri.ments 
KO. or SJIO^VIKG ACHLORHYDRIA 

PERLMENTS SUPPRES.SION OP 

NEG.VTIVE secretion VOLU.ME ‘POSITIVE 


PER CE.VT OF 
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acid juice suggesting a gi’eater concentration of the depressant factor 
associated with achlorhydria. 

Some studies M’cre conducted upon the properties of the secretory 
depressant; it was observed to be destroyed by boiling for five minutes; 
it was found not to dialize across a cellophane membrane ; alkalinization 
of the juice inactivates the secretory depressant. 

DISCUSSION 

Extensive control experiments have been performed and reported^' ^ 
to show that the gastric seex’etory depression observed in the experi- 
ments is not artifactual incident to intravenous injection of gastric 
juice. The nature and significance of the gastric secretory depressant 
demonstrated in gastric juice of both dogs and humans remains obscure, 
hut it is suggested that it may represent a normal physiologic mechanism 
for gastric secretory inhibition. Support for this hypothesis is afforded 
by the fact that it appears to be present in greater quantity in achlor- 
hydric juice. An alternate explanation is tliat it is secreted at more or 
less constant rate by some cells of the gastric mucosa and that in achlor- 
hydria it appears to be more concentrated in the juice because the total 
volume of the latter is reduced as compared with stomachs secreting 
acid gastric juice. 

STOISIARY 

By a standard ph5-siologic method for the study of factors affecting 
gastric secretion, a gastric secretory depressant has been demonstrated 
to be present in dog’s gastric pouch juice, acid human gastric juice, 
and achlorhydric gastric juice from patients not presenting gastric 
cancer or pernicious anemia. 

Taking into account previously recorded studies, this factor appears 
to be present in lower concentrations in the above types of juice than 
m the achlorhydric gastric juice of patients with carcinoma of the 
stomach or with pernicious anemia. 
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THE HALSTED BADICAL MASTECTOMY 


Pito-Year Besuets in 246 Consecutive Operations at the Same Clinic 
Benjamin P . Hoopes, M.D., and Arthur B. McGraw, M.D. 

Detroit, Mich. 

{'S'rom the Department of General Surgery, Henry Ford Hospital) 

'”1 ’HE effectiveness of a method of treating cancer of the breast can 
best he .]uagea 6y foffoinng its results in a consecutive series of 
patients over a period of five years and more. This report deals with 
such a series and includes 240 patients, all cared for in the same institu- 
tion. It is an extension of a report made by B. D. McClure, in 1931.^' 
In each ease the primary growth was removed by radical mastectomy, 
following the method of Halsted. In eleven cases a subsequent carcinoma 
was found in the opposite breast. Six of these patients were subjected 
to a second radical masteetom.y, ivliile five had a simple mastectomy. 
All 240 patients were operated upon between 1918 and 1935 inclusive, 
so that the follow-up of the limng patients covered at least five jmars. 
In only six eases, how'ever, (2.5 per cent) are our follow-up records in- 
complete.* Most of these patients had evidence of metastases when last 
seen, and for statistical puiposes have been considered as dead from car- 
cinoma. 

The criteria of operability were much the same as in other clinics. 
Eadical operations were not advised in patients with kiiown distant 
metastases, advanced local breast cancer, or ulcerating lesions, or in 
patients in poor general condition. Thirteen cases involving demon- 
strable supraclavicular metastases were operated upon, although this 
complication usually was considered a criterion of inoperability. Deep 
fixation of the carcinoma to the pectoral fascia was not considered a con- 


traindication in the ab.sence of ulceration. 

The average age of the group of 240 patients was 51.2 years, 28 and 
77 years being the extremes. In 75 cases the ages of the patients fell in 
the fifth decade, while the sixth and seventh followed closely, with 69 


and 47 cases, respectively. Age did not appear to affect the percentage 
of cases with axillary node involvement nor did it appear to affect the 
nercentage of five-year survivals to any significant degree (Table I). 
This is 'stoilar to Shore V* findings at St. Luke’s Hospital in New York. 

Only one case in this series was a male (0.45 per cent), a lower in- 
•a ni than that commonly reported in similar series. Ilorsely’-' rc- 
a cases of carcinoma of the breast in the male to 359 in the 
portea ‘ Stout-* found the proportion of 6 to 349, or 1.7 

female, oi • jlorse” found 17 eases of carcinoma of the 

per cases of carcinoma of the female breast, or 0.9 per 

^ folloned. tli.-inkt arc (Itic the Detroit Hoanl of 

.Vor the high PM““‘“ker Mr-«. Helen Aiirtrlcs and aDo .tUrs Ittihy Cook. «ho 
r-ordln. 
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cent. Judd and Slorse concluded that carcinoma of the male breast was 
a highly malignant tj^pe of neoplasm and that radical operation was not 
as satisfactory as in females. The patient in our case lived seven years 
and ten months following opei-ation and manifested several sites of 
metastases, among them the tonsil and the cervical and axillary nodes. 


T.vble I 

C.\sEs Grouped Accordixg to Age 


AGE 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

TOTAL 

A amber of cases 

1 

30 

75 

69 

47 

12 

240 

Perceatage 

0.4 

15.0 

31.2 

28.7 

19.5 

5.0 

100 

A'umber of cases with 

1 

26 

48 

40 

28 

6 

149 

_ axiUary metastases 

■rercentasre 

300 

72.0 

64.0 

58.0 

57.0 

50.0 

62.1 

A umber of five-j’ear 

0 

10 

40 

34 

19 

8 

111 

survivals 

percentage 

0 

28.5 

53.0 

49.0 

40.5 

66.6 

46.0 


A histoiy of trauma was elicited in 15 of the 251 tumors removed, 
giving a percentage of 5.9. Twentj'-seven patients (11.2 per cent) stated 
that one of their immediate relatives had had cancer, Avhile in 13 cases 
(5.4 per cent) the cancer was said to have been in the breast. 

The knomi duration of the presenting symptoms was analyzed to 
determine if a higher percentage of axillary metastases was found in 
those patients who did not present themselves until some time elapsed 
after they were conscious of their disease. In tliose eases where the 
sjmiptoms were present for a month or less, axillary metastases were 
present in 55,3 per cent. If the sjmiptoms were present from one to six 
months, 59.8 per cent of the patients had axillaiy metastases, while those 
^vho let their symptoms develop over six months had axillary metastases 
m 62.7 per cent of the cases. The percentage of fiveyear survivors in 
each group diminished as the length of time the symptoms were present 
mereased, regardless of whether or not axiUary metastases were present 
(Table II). This gives added evidence to support the dictum that 
eareinoma should be treated eaidj' and adequatelj' for the best results. 

Lewis and RienliofP,*® and Kunatld** did not find anj' definite correla- 
tion between the duration of sjmiptoms and the length of life after 


Table II 

A Goupaeison of Five-Year Survivals According to Duilition op Symptoms 


^oration of 
SYMPTOMS 

AXIL- ' 
LARY 
METAS- 
TASES 

' 

xo 

AXIL- 

LARY 

METAS- 

TASES 

% j 

AXIL- 
LARY 
METAS- 
TASES j 


1 % 5-YEAR 

1 SURITVALS 

AXIL- 

LARY 

metas- 1 

TASES 1 

1 

xo 

AXIL- 

LARY 

METAS- 

TASES 

AXIL- 
LARY I 
metas- j 

TASES 

NO 

AXIL- 

LARY 

METAS- 

TASES 

^ month or less 26 21 55.3 9 15 34.6 71.4 

1*0 6 months 64 43 59.8 20 29 31.2 67.4 

G'vr 0 montlis 54 32 62.7 14 21 25.8 65.6 

Ao data 6 
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operation. Greenongh and Taylor® found tliat in their different groups 
of cases based on anetastases, the preoperative duration of sjuaptoms was 
longer in the patients that did not survive the five-year period. Their 
statistics, like those of Lewis and Eienhoff,^^ contain several cases with 
a pi eopeiativ'e liistoiy of a tumor for two or more years with a high 
incidence of five-year survivals. This is not surprising wdien one eon- 
sidei’s that these ai‘e low-gi'ade maligi}ancies, else thej' would not have 
lived long enough to he operated upon. 

In comparing the two breasts as to the frequency of the primary 
tumor, the left breast was found involved oftener than the right, by 13.S 
per cent. The right breast was involved in 106 cases, while the left in 
140 cases, or 43.1 and 56.9 per cent, I’espeeti^'ely. However, in regard 
to tlie quadrants of the breast another situation existed. The upper 
outer quadrant was by far tJie most frequent site involved. One hun- 
dred and nineteen of the tumors in this series were located in that 
quadrant. The second most common site for tlie location of tumors was 
under the areola. Analysis of the location of the primaiy tumor with 
reference to five-year survivals showed that the upper outer quadrant 
and the line directly above the areola had the lowest percentage, while 
the lower outer quadrant had the highest (Table III). 


Table III 


Locatwk op Tumor i»v Breast 


LOCATION- 

NUaMBER of 
^ CASES 

rWE-VEAB 

.SURVIVALS 

PERCENT.AGE 

Upper outer quadrant 

119 

4o 

37.8 

Upper inner quadrant 

• 34 

18 

52.G 

Lower outer quadrant 

20 

13 

G0.O 

Lower inner quadrant 

14 

9 

G4.2 

Under areola 

40 

19 

47.5 

Directly above nipple 

8 

3 

37.5 

Medial to nipple 

2 

1 

50.0 

No data 

9 


.33.0 


Ho correlation rvas found between the postoperative duration of life 
and the size of the tumor removed. When the various sized tumors were 
subdivided into groups with and without axillary metastasos, a great 
difference in the percentages of five-year survivals was noted, which 
contributes more evidence to the fact that the presence or absence of 
'illarv metastases is still our best prognostic sign. In tlm 246 radical 
the pathologist was able to locate metastases in the axillary 
f ns cSm (61.f V c«l). Ilaninglo.,- tom.d ll»l 61.6 per 
cases he reported had axillary involvement. 

“S- rSh'S, rrrenW p.lp.W» r.-'rilbr.v ..0^ iP M5 of m,r 
tlimea - ^ cent) contained demonstrable nicta.slnses. 

cases. Of t^cse> nodes were palpable, on clinical examination, 

In 97 cases V lei j,, 3S (39.1 per cent). This makes 

metastases were < jnipre.ssion of axillary involvement 23.5 per cent 
the error of chmea ^ nodes are })a!pahtc. 

^hen nodes are palpable . 
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Greenougli and Taylor® and Shore*' note the marked error in the pre- 
operative diagnosis of the presence of axillary metastases and their per- 
centage of error is almost the same as ours, namely, 32 and 34.2 per 
cent respectively. The above figures of error in the clinical examination 
of the axilla for metastases support a strong feeling we have that the 
value of information gained from axillary palpation is slight at best 
and decidedly not worth the danger to the patient from searching or 
repeated efforts to find l.'i’mph nodes. 

The radical removal of the breast for mammai-y carcinoma used in this 
series is essentially the one developed by Halsted® and Meyer,’® The 
Halsted skin incision was also used for the most part. Skin grafts were 
not performed in all cases, however, as described by Halsted. A plastic 
closure was used in 176 cases and the Thiersch graft in 46 cases. In 24 
eases a Thiersch graft -was not iised, but instead a secondary pinch 
graft was used after a few days’ convalescence from the radical 
mastectomy. 

Local .skin recurrence occurred in 15 per cent of the cases. The pa- 
tients with plastic closures in this series had a local skin recurrence rate 
of 5,5 per cent and 16 per cent, depending upon whether or not axillary 
metastases were present. When a skin graft was done, the recuiwenee 
rates in the skin were 8.3 and 27 per cent (Table IV). One possible 


Table 

A CojiPABisos OP Types of Closup.e asp Local Skin Eecureences 



KO. OF 
CASES 

XO. OF 
REriT^REXCES 

PERCEXTAGE 

■^iastic Closure; 

No axillarj- metastases 

23 

4 

5.0 

Axillary metastases 

82 

13 

IG.O 

Skin Grafts; 

No axillary metastases 

24 

2 

8.3 

Axillary metastase.s 

67 

18 

27.0 

Segaraiess of Closure; 

1^0 axillary metastases 

97 

6 

6.1 

- Axillarr metastases 

149 

31 

20.8 

Total 

246 

37 

15.0 


reason for the diffei’ence between the recurrence rates with the diffei’ent 
closures is that the larger primary tumors, or tumors attached to skin or 
aseia, required larger areas of skin in the incision and bv the same 
token were probably the most malignant neoplasms. Lewis and Rien- 
hoff’- reported the percentage of local recurrences in 447 radical mastec- 
tomies, They found 30.1 per cent local recun-enees when the Thiersch 
graft was used and 39.1 per cent after the plastic closure was done. Our 
*itatisties made to determine the correlation between the amount of skin 
O-Acised at operation and percentage of five-year survivals showed no 
correlation which could be explained on this basis. The group ivitliout 
oxillary metastases, which liad a large area of skin removed, showed the 
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greatest number of five-year survivals (83 per cent). However, when 
axillaiy metastases were present, the percentage of five- 3 ^ear survivals 
dropped to 21 per cent, which was eimn lower than the group in which 
the plastic closure had been done (Table V). 


Table V 

A COMPAMSOKT OP TYPES OP CLOSURE ACCORmNO TO PlVE-yEAR SURVIVALS 
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appeared about two or tJiree mouths after the operation and disappeared 
after a few months. In a few eases the edema was permanent, but in no 
case was it incapacitating or disabling. In a few cases it was preceded 
by a postoperatire axillar}- infection, a recurrence of carcinoma in the 
a.xi]la, or a thrombophlebitis in the vessels of the arm.' Stewart -- stated 
that he “regarded immediate postoperative edema of the arm as a 
favorable sign,- it indicates that the operation has been thorough, that 
all the l 3 Tnphatie structures in the axilla have been removed, and the 
l.vmphatic drains of the arm completel.v interrupted. It usuallj* dis- 
appears in from two to four months, but ma.v last longer, and indeed be 
permanent.” 

The postopez'ative mortalitv in this series was somewhat lower than 
some reports and higher than those reported in some textbooks. There 
were seven postoperati%'e deaths in 246 radical mastectomies (2.8 per 
cent). Three deaths were from pnlmonarj- emboli and two others were 
patients with marked hj’pertension who died of mj-ocardial failure. One 
death was in a 34-j’ear-old woman who Iiad a large breast tumor and 
fluid in her chest. This did not contain tumor cells and the x-ray 
examination of the chest did not show a definite metastasis. No post- 
mortem examination was done, but this patient pi-obabl.v had a small 
pulmonary metastasis which was present at the time of operation. She 
lived ten daj-s postoperativelj', but the course was steadil.v downhill. One 
death was in a patient who had a marked anemia preoperativel.v. She 
was given several pro- and postoperative transfusions, but these did 
uot bring her blood count up to normal. Post-mortem examination 
showed subacute parenchj-matous nephritis. The urine preoperatively 
was negative and her historj' was not suggestive of nephritis. 

^illy Me.ver^® reported four deaths in a series of 125 radical mastec- 
tomies (3.2 per cent). Levds and Rienlioff^' reported twentj^-five deaths 
follovdng 393 radical mastectomies (6.4 per cent). Stiles-^ states he has 
had “one death in upwards of 150 patients operated upon.” The cause 
uf that patient’s death was sepsis. He also quoted Rodman, who col- 
lected the results of 2,133 radical mastectomies and found an operative 
mortality of less than 1 per cent. Handle.v*® commented on the low im- 
mediate mortality of the operative procedure in the following manner. 
Among some hundreds of hospital cases, including cases in pa.ving hos- 
pital wards, four deaths have to recorded.” Bloodgood-* stated that the 
operative mortality of radical mastectomy was less than 14 per cent 
a supraclavicular dissection was not done as part of the same pro- 
eedure. 

An interesting finding in the follow-up of this series of 240 patients 
wuth mammarj' eareinoma is the high incidence of a second eai-cinoma. 
Twelve patients lived long enough following the radical masteetom.v to 
develop a second primary malignancj' in another organ or tissue (Table 
'AI). Carcinoma of the skin, eervLx, and stomach ivere the most com- 
mon. Most of the pathologic specimens of the second malignancy were 
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bate of rabicab 
MASTECTOMY 
12/29/23 

1/28/23 

2/28/25 

T/22/26 

1/23/26 

5/26/2T 

1/30/28 

1/24/SO 

5/23/30 

2/12/31 

6/20/32 

2/6/35 


Table VII 

Seconb Primary Maugnaucy 


SECOND CANCER 

"•Squamous carcinoma of scalp 
10/20/27 

Adenocarcinoma of gall bladder 
8/23/33 

Carcinoma of stomach 
1/14/30 

Carcinoma of cervix 
4/7/37 

Basal cell carcinoma of skin; post- 
mortem finding- 9/9/36 
Basal cell carcinoma of skin 
5/31/27 

Carcinoma of colon; post-mortem End- 
ing 1/14/31 

Osteogenic sarcoma; post-mortem find- 
ing 11/29/39 
Carcinoma of ovary 
January, 1933 
Carcinoma of cervix 
3/12/35 

Carcinoma of bladder 
January, 1938 
Carcinoma of stomach 
10/29/36 


BATE OP BEATH 

7/18/29 
3/ 6/36 
1/14/30 
4/29/3S 
9/ 9/36 
3/ 2/32 
1/14/31 
11/29/39 
January, 1933 
December, 1935 
3/30/38 
6/13/37 


examined in this hospital; those that tvere not were reported to us by 
other institutions in the course of our follow-up. As stated earlier, 11 
of the 240 developed a second carcinoma in the opposite breast which 
could be removed either by simple or radical mastectomy, depending 
upon the general condition of the patient. Others developed deposits 
of carcinoma in the other breast along with numerous other metastases, 
late in the course of the disease. One may always speculate as to whether 
the second tumor is a new primary or a metastasis. Inasmuch as the 
microscopic picture of the second tumor in most of the eleven cases was 
quite similar to that of the first, one would be inclined to favor the 
theory that the tumors were metastatic. 

Although the relationship between chronic cystic disease of the breast 
and carcinoma cannot be definitely determined by a statistical study, it 
is interesting to note the frequency with which it was recorded by the 
nathologist in the description of the breast carcinomas of this series. 
Twenty-eigbt of the 251 specimens submitted (11.1 per cent) contained 
chronic c3-stic mastitis, and in eight of the cases if appeared that the 
lisnaney might have originated in the area so involved. An in- 
^ dent review of 149 case.s of chronic cystic mastitis in which either 
tumor or simple mastecfom.v wa.s done .showed no 


a ^®®?!pj.°^eveloped carcinoma. The follow-np of twenly-ftve of 
case wine ‘ ^ve J'cars and man\' from two to four j'cars. 

these ® p state that breast carcinoma develops from cystiph- 
epithelial hyperplasia (chronic cystic maslili.s) 
orous desquama u carcinoma. “In the remainin'' 80 

iu about 20 per cent of the • 
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per cent of all carcinoma of the breast it is not so easy to demonstrate 
the existence of a preliminary benign epithelial neoplasm and further 
that all signs of a preliminary C3’’stie state are absent.” Bloodgood-’ ® 
presents the opposite point of view, believing that carcinoma do&s not 
develop more freqiientl.v in women vdth chronic c.vstic mastitis than in 
any other group of women in the same age group. He reports three eases 
of cancer which developed in 128 cases following the removal of an 
area of chronic cj'stic mastitis. Stout’^ believes there is a definite rela- 
tionship between chronic c.vstic mastitis and carcinoma of the breast, but 
does not go into more detail than to make this statement. MacCallum^® 
states "carcinoma growth seems especially common as a sequel of the 
senile h.vperplasia with cj'st formation, which is often referred to as 
chronic cj'stic mastitis. ’ ’ 

There has been much discussion over tlie merits of roentgen or radium 
therap}' in the treatment of carcinoma of the breast. "Wlien one discusses 
radiation therapj', however, the question comes up as to whether or not 
It should be given pre- or postoperativel.v, what dosage should be given, 
the location of the radiation ports, and whether it should be radium or 
x-ray therap.v. In this series, all radiation therapy was given after a 
radical mastectom.y. It consisted of a course of three treatments which 
■were usuallj- given on consecutive daj's. Three ports were used, namelj', 
a supraclavicular port, one which included tlie operated breast area, 
and the third was directed to the corresponding axilla. Approximatel.v 
700 R. imits were delivered to the skin with each treatment. The usual 
filters were mm. of copper and 1 mm. of aluminum. 

-^n attempt was made to compare groups of cases according to the 
anioimt of x-raj' therap.y given. The number of five-j’-ear survivals was 
computed for each group, depending upon the presence or absence of 
axillarj- metastases. The greatest percentage of five-.year survivals was 
in the group with no axillarj" metastases and no irradiation therapj’’ 
(74.4 per cent). The groups with one, or more than one, series of ir- 
radiation therapj’- and no axillar.v metastases had almost the same per- 
centage of five-year survivals. In the three groups vdth axillarj- me- 
fastases there was a suggestive increase in the percentage of five-v'ear 
survivals when x-ray therapj' was used. If no irradiation was used, 
there was only 21.8 per cent five-year survival, while the percentage rose 
to 35.8 per cent and 26.8 per cent when x-ray therapy was used (Table 

Till). 

The cases were analyzed further to determine the effect of x-ray 
therapy on local skin recurrence. The series was divided into two 
Scoups, depending upon whether or not axillary metastases were present, 
ood these were subdivided into the recui-rences that had had prophylactic 
"■radiation therapy and those that had not. Skin recurrences were 
""ich more frequent in the group that had a.xillary metastases (20.8 
Per cent) than in the group that did not (6.1 per cent). Fiftj--four of 
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Table VIII 

A COMEAUISON OP THE EfpECT OP X-EaY TiIEBAPY ACCORDING TO FiVE-Tear 

StiR'nvAr.s 



NO. OF X-r,AX' 

KO. OF 

NO. OF 



covnacs 

TAsns 

FIVE-YEAR SURVIVALS 

PERCENTAGE 

NO AXILLARY MKTASTASKS 


0 

43 

32 

74.4 


1 

3S 

26 

68.4 



26 

11 

68.7 



AXlLtARY 

metastases PRESENT 

■ 


0 

55 

12 

21.8 


1 

53 

19 

35.8 


2 

41 

11 

26,8 


the 97 patients without axillaiy nodes had x-ray tJierapy and of these, 
tliree (5.1 per cent) dcA^eloped local skin recurrences. Among the 43 
that did not have x-ra.v therapj^, three patients (6.9 per.cerit) developed 
local skin recurrences. Ninety-four of the 149 patients with axillaiy 
metastases had x-ra.v thera]i.v, and of this group 23 patients (24.4 per 
cent) developed loeal skin recurrences. Among the 55 cases v'hich did 
not have x-ray therapy, eight patients developed loeal skin recurrences 
(14.5 per cent). The type of closure was not taken into consideration in 
studying the effect of x-ra,y therap.v as the series was so small that it 
would he questionable if the percentages would give a ti:ue picture 
(Table IX). 


Table IX 

A CoMFAniSON OF THE PERCENTAGE OF LOCAL SKIN Rec’URRENCES WlTlI AND WITHOUT 

X-Rat Therapy in Cases With and Without A.yh.lary Metastases 


Number of cases 
'Becancnces 
Percentage 


Number of cases 
Eecurrcnces 
Pc rcontage 


X-RAY THERAPY NO .Y-RAY THERAPY TOTALS 


NO AXILLARY .MBTA.STA.SE.S 

_ _ 

3 -S G 

5.1 G.9 6.1 


AXILLAUi' SIETASTASES 

91 55 liO 

23 8 31 

24.4 14.5 20.8 


In attempting to .judge the value of x-ray therajiy in fJiis series of 
cases one must say that no iinprovemciK in (he mindjer of m-c^yeav 
• noted in the ca.scs without axillary mefasta.se.s, aKhougli a 

se was found in the number of henl .skin recuvvcncefi. However, 
tion therapy did appear to increa.se the niunher of tive-ycar 
irraaia ^ concerned with usillary wctastiiscs, hut did not 

smwiva s percentage of loeal .slcin rceiiri'enecs. 

appear o ' cases involving late me(a.sta,se.s, cither local or 

From a convincing evidence that it is in tlie.se ca.sc.s that x-ray 

distant, one nn „j.ejtest usefulness. Tlio results here am diiTicuJf to 
therapy ® ^ ‘ £or many tiine.s the efi’oets arc .siilijoctive and 

express in ' ^.(pcless important. Ffiihlcr am? Parry’” reviewed 

sjnnptomatic, hnt 


TAtthV X (From Harrington) 
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iiinet.v-tJirei! fvisc.H of ])!iticiOs’ wilh carcinoma of the bi'cast to determine 
tlio value of x-ray flierai)y. They used postoperative x-ray therapy in 
Jorly-one cases. Oomparin'r f he ptu'centafres of five-year survivals in the 
eases •nhoi'o there were; no axillarv inetastases, they found a difference of 
2 i)ei cent, namely, S!) pev cent five-year survivals, when postoperative 
x-ray thei'apy was used and 87 ])cr cent when it was not used. This 
diflerence is eertainly not sifriiificant, yet they state, “It is our opinion 
that o])eration combined with irradiation will practically double the I’e- 
siilfs as com])ared with operation alone,’’ 

Schreiner''' reviewed 283 cases of careiuoma of the brea.st. In 46 
patients without axillaiy metastases and treated with irradiation therapy 
alter a radical niastccfoniy, fin per cent were classified. as five-year 
survivals. When axillar.v metastases were ])resent the five-year survivals 
fell to 23 per cent. 

Kvans and Leueutia' rei)orl 50 ])er cent five-year survivals in the 
gi'ouj) includiii" jjatients with and without axillary metastases who had 
liad a radical mastectomy, followed by x-ra.v therapy. They concluded 
that “irj’adiation therap.v pla.v.s a paramount role in the treatment of 
mammary carcinoma both as an ad.jiinct to surftery in the operable and 
iU3 a primar.v method in the inoperable cases.” 

Ilnrrinftton" divided 4,504 cases into those with patients with and 
without axillary metastases and then subdivided the groups into those 
with and without x-ray therapy and according to the four grades of 
the tumor, pathologicall.v. This study led to very interesting results 
inasmucli as the follow-up was conducted over a period of twenty years. 
Harrington concluded “that irradiation therapy has not been any great 
adjunct to radical surgical treatment but may be of benefit in cases of 
higher grades of malignanc 3 '. ” (Table X.) 


Shore''' reported the follow-up of 375 cases in a series of 418 patients 
who had had a radical mastcctom.y. One-hundred and ninety-six were 
given routine postoperative prophjdactie x-ray treatment; of these, 36 
developed local recurrences (1S.3 per cent). He does not state the per- 
centage of these that had axillary metastases. The greatest number of 
reciirrences in another table, however, was found in the patients with 
axillary metastases, regardless of x-ray therapy. His conclusions were 
lilt '“'postoperative irradiation lurely cures and usually does not pre- 
t local recurrences and therefore does not decrease the mortality from 
• f the breast. It does, however, undoubtedly prolong some lives 
cancer 0 -^vho would otlierwise have died within five years 

so that a l survived several more months to he classified in 

the five-ye^gio^'P^ interesting study of 2,467 operable cases. 

Adair l statistics were that irradiation, either 

“The conclusions ggses with axUlary involvement, had a 

'Sa* in 
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Table XI (From Adair) 


in had operation alone 

S57 had preoperative irradiation followed by radical surgery 
485 had the radical mastectomy followed by irradiation 
413 had irradiation alone 
214 began treatment and then went elsewhere 
27 had a local removal of cancer followed by irradiation therapy 


2467 total 



Five-rear 
XO AXILLxVRY 
IXVOLVEJtEXT 
(%) 

I^esvlts 

WITH AXILLARY 
INVOL^’EMEXT 
(%) 

Operation alone 

68 

25 

Preoperative irradiation followed 

65 

29 

by radical surgerv 

Radical surger}* followed by 

70 

31 

postoperative irradiation 

Irradiation alone 

25 

9 


Brooks and Daniels^ liave reported an nnusuallj' high percentage of 
_five-year survivals in a series of 72 radical mastectomies. The.y do not 
draw anj' conclusions, however, concerning irradiation therapy. 


Table XII (Brooks and Daniels) 


GROUP 

CASE 

percentage 

\\ ^IjL* 

wiven roentgenotherapy 

I* 

3 

2 

66.6 

Ilf 

7 

3 

42.8 


Hit 

9 

1 

11.1 

Not given roentgenotherapy 

I- 

10 

10 

100.0 

lit 

21 

6 

28.5 


Hit 

22 

3 

13.6 

'Carcinoma confined to breast. 

Study confined to breast 

and inferior 

axiUar>’ 

lymph nodes 

by microscopic 


tCarcinoma in breast and in axilla or near chest wall at operations. 


SUMMARY AND CONCLUSIONS 

1- A Statistical studj’- was made of 240 consecutive, unseleeted patients 
with mammarj' carcinoma tvho had radical mastectomies at the Henrj’ 
Bord Hospital and of tvhom 234 have been accurately folloived. 

2- Chronic cystic mastitis was not present in a sufficient number of 
cases to imply any significant correlation between this pathologic process 
and cancer. 

3- Carcinoma of the male breast occurred less frequently than in 
reports from other clinics. 

4. The presence or absence of inetastases at operation dominated all 
other clinical factors infiueneing prognosis. 

Age did not appear to be an important factor per se. 

6- A history of trauma occurred infrequently and a familial tendency 
to cancer did not occur frequently enough to seem significant. 
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(. The dtimlion of f;ymji(om.s before opera! ionf appeared to influence 
adversely llie iiosloiu'ralivo survival period. ' 

8. Sur\ival .seemed fo vary sliplilly Avifh llic quadrant of the breast 
aft’celed. 

9. flJic size of tlie tumor ■\va.s not as iinpoi'tant an indication of prog- 
nosis n.s wis the j)ro.senec or absence of axillary mefastases. 

10. Sucli a considerable error was found in the ability to detect and 
evaluate axillary nodes clinically that we believe palpation of the axilla 
.should bo discouraged as a diagnostic aid on account of the danger of 
nia.s.saging tumor cells out of involved glaiuls. 

31. Late lymjihedcma of the arm, lending to disappear after a time, 
was llic most frequent form in which this complication occurred. 

12. The postoperative mortality of 2.8 })er cent in this series is dis- 
cussed. 

13. TJic five-year survi^-aLs of this scries are discussed wth particular 
rofci'cnce to the presence or ahsence of axiUaiy metastases and the use" 
or nonuse of x-ray thcrajiy. 

14. X-ray thcrapj- did not improve five-year survivals in those patients 
without axillary mefastases. It seemed to add slightlj* to the sumval of 
patients with axillary mctastase.s. 

15. The great value of x-ra.v therapy in the treatment of metastases, 
particularly those of Ijouc, is stressed. 
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(. TJio dnr.'if ion of .syiiiptoniK befoi'c opcj-atiouf appeared to influence 
adversely the ])oslop('raiivo survival period. 

S. Survival scoinod lo vary sliglifly \vi(li iiie quadrant of the breast 
afi'eeled. 

9. The size of the hiinor mis not as important an indication of prog- 
nosis a.s ivas the j)resonce or absence of axillary metastases. 

10. Such a considerable error was found in the ability to detect and 
evaluate a.villary nodc,s clinically that we belic\'c palpation of the a.xilla 
.should be discouraged as a diagno.stic aid on account of the danger of 
massaging tumor cells out of involved glands. 

11. Late l.™phedema of the arm, fending lo disappear after a time, 
was the most frequent forjii in which this complication occurred. 

12. The postoperative mortality of 2.S per cent in this seines is dis- 
cussed. 

13. The five-year survivals of this series arc discussed nnth particular 
reference to the presence or absence of axillaiy metastases and the use' 
or nonuse of x-ray theraiiy. 

14. X-ray therapy did not improve five-year survivals in those patients 
without axillary metastases. It seemed to add slightly to the sundval of 
jialicnts with axillary metastases. 

15. The gi'eat value of x-ray thei-apy in the treatment of metastases, 
particularly those of bone, is stressed. 
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clarified. Hageman, studying the pathologic lesions of mice intoxi- 
cated with sulfanilamide, noted a mild fibroblastic foreign-body reac- 
tion about crystals of the drug, Avhen it was administered intraperi- 
toneallj” as a suspension in saline. Key and Prankel injected super- 
saturated solutions of sulfanilamide, sulfapyridine, and sulfamethyl- 
thiazole into body cavities and obser\'ed that the peritoneal surface pre- 
sented little departure from normal. Jackson and CoUer, using dogs, 
found that sulfanilamide administered intraperitoneally did not induce 
any cellular response in the peritoneal fluid. Small amounts of free 
fluid were noted, but no hj^peremia or exudate was observed and the 
peritoneal surfaces appeared entirely nomal. Prom these reports, it 
would seem that sulfanilamide, whether in solution or in crystalline 
form, produces little if an3' peritoneal reaction. 

EXPERIMENTAL METHOD 

The experimental animal chosen was the 100 6m. albino rat. This choice was 
made because (1) the peritoneal responses of the white rat to various substances 
have been investigated intensively; (2) the peritoneal fluid of this animal normally 
has a high cellular content, and (3) the albino rat withstands laparotomy very well. 

Peritoneal fluid was obtained in all instances by puncture with a clean, fine, 
glass capillarj- pipette. The fluid which entered the pipette by positive pressure was 
deposited on a clean glass slide and a sufficient amount was draivn into a hema- 
tologic white cell pipette for the total cell count. The remainder of the fluid was 
spread evenly over the slide for subsequent staining in order to determine the dif- 
ferential distribution of the cells. These air-dried films were stained ivith a ilay- 
Griinwald-Giemsa combination: tliirty seconds in ifay-Griinwald stain, thirty seconds 
in equal parts May-Griinwald stain and Hayden’s buffer at pH 6.4, and three to four 
minutes in buffer-diluted Giemsa stain, 1.5 drops to the milliliter of buffer. 

The total and differential cell counts were recorded for the peritoneal fluid of 
each experimental animal prior to any experimental procedure. Tollowing this, 
laparotomy was performed through a midline incision with the animal under ether 
anesthesia. One hundred milligrams of a pondered sulfonamide compound was dis- 
tributed evenly about the peritoneal cavity and immediate suture was done with fine 
silk. In, one group of rats, simple laparotomy was performed without the intra- 
peritoneal implantation of any of the sulfonamide compounds. These animals con- 
stituted the control series. Total and differential cell counts were made on the 
peritoneal fluid of all animals on which operation was performed. The cell counts 
Were made at twenty-four-hour intervals for periods ranging from five to seven 
days. Animals were killed at intervals by light etherization and exsanguinatiou for 
pathologic study. 

Estimations of the total quantitj- of peritoneal fluid were made by absorbing all 
free fluid into previously weighed pieces of filter paper. Increases of the weights 
of the filter paper were determined and accepted as weight of fluid. 

The following drugs were implanted intraperitoneally in doses of 1 Gm. per 
kilogram of body weight: sulfanilamide, sulfathiazole, sulfapyridine, sulfadiazine, 
sulfamethyldiazine and sulfanilylguanidine. 

RESULTS 

Tlirougliout the entire period of the experiment, no deaths occurred 
“fid no toxic manifestations were noted. 



TIIK PEHITONKAL RESim'SE TO LOCALLY IMPLANTEL 
CRYSTALLINE SULFONA.YIDE CTLAIPOUNDS* 


T. I). TuKOCK'Mfmro.v, ALD.,t Rochesticr, AIixx. 

' I 'HERE is little need to recount the victories of the sulfonamide eom- 

A pounds in the field of surpreiy. The proper systemic use of these 
drops has nuide deep inroads into the number of deaths attributable to 
infectious siirpical complications: deaths tliat have plagued the most 
dexterous and conscientious surgeons. The local implantation of the 
sulfonamide comjjoimds, in an attempt to e.xcrt their effects more fully, 
is an instance of medical empiricism non- fully backed by clinical and 
laboratory confirmation. It is accepted generally that in high local con- 
centration the bacteriostatic value of these drugs is enhanced. The 
metabolism of bacteria is altered, their growth is inhibited, their abil- 
ity to form toxins and necrobiotic substances is impaired, and all this 
to the end that a mobiliMd cellular defense mechanism is able to over- 
whelm the attenuated organisms. It is conceded that the defense 
mechanisms of the body are necessary to the complete therapeutic activ- 
ity of these drugs ; howe^•er, the direct effect of local sulfonamide ther- 
apy on tissue defen.se has received little attention, although Iniowledge 
of possible relation between the two is essential to the rational employ- 
ment of these drugs as local chemotherapeutic agents. 

Alost significant of these newer local applications has been the use of 
crystalline sulfonamide compounds m’thin the peritoneal cavity. In 
this fashion the surgeon has been provided with a possible means of 
direct frontal attack on the problem of peritonitis. Clinical and e.x- 
perimental evidence of therai)eutic efficacy lias been accumulating; yet 
little actually is laiown of the peritoneal response to tliese substances. 
Therefore, it has been the purpose of this study to determine the peri- 
toneal response to crystalline sulfonamide compounds, with special re- 
(»ard to their possible effects on the local peritoneal defense mechanism. 

LrrKBATURE 


Since the report of Dees, the topic of intraperitoneal sulfonamide 

- has received ever-increasing notice in the literature. Clinical 

t lerapj followed closely by laboratory confiimation. The 

f f favorable opinion has swept aside prejudice and inertia, and 
weight 0 ^ jjj^j^,a.abdominal chemotherapy appears to be established 

the value o physicians. However, the relation of this new 

in the j„fp,icive forces of the peritoneal cavity has not been 
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report for differential data calcnlated without inclusion of neutrophiles. 
This method of calculation gives, it would seem, a truer picture of cell- 
ular relation in the peritoneal fluid than does the differential count in 



Fip. l.—Percentage distribution of the neutrophiles of the peritoneal fluid following 
laparotomy and the implantation of certain sulfonamide compounds. 


Table II 

Peritoneal Response to Lapaeoto.vy 


Mean Values op Sixteen Aniuals 
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which neutrophiles are included. Thus, it is apparent that the relative 
numbers of mononuclear ' cells and eosinopliiles are unelianged bv 
laparotomy and the ratio of mononuclear phagocytic elements to Ijanjiho- 
ejics remains unaltered (Pig. 2). 
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As inuy i)e seen (Talilo I) the mononiK-lcnr cells arc the predominant 
oellulnr elements in tlio peritoneal tinid of ilia white rat. These have 
been divided cm])irieally in this study, 1])e nonpliagocylie lymphocytes 
beiny: i)laeed in one <',-onp and the potcJitially pbngoeytie and usually 
larger niononucleai' cells in the other. This latter group, referred to 
hereafter as mononiieleai' pha"ocylcs, contains the typical monocytes 
and the true clasniatoeytes as well as the various transitional fonns. 
DilTerenliation of these mononuclear ])hagoeytes was not attempted. It 
is jiolable that iieutrophilos were not found in the normal peritoneal 
fluids; those celLs, Avhon pi'esont, arc certain indications of a past or 
jmesent pathologic condition. The eosinophilic leucocytes are subject 
to rather wide and inexplicable variations, while the mast cells almost 
disappear in the face of peritoneal irritation, a {act intensively investi- 
gated by Webb. 

Tabi,e I 

The PE/aro.vEAo Ft.vw of Tin : A’on.ifAr. 100 Gjr. White Rat Mean Values of 

Foi:tv-Eight Anuials 


Total colls per cubic iiiillimeter: 39,300 

1. Mononuclear leucocytes: 71 per cent of total cell count 

a. Large mononuclears (phagocytes) : 70 per cent of all mononuclear 
cells 

b. Lymphocytes: 30 per cent of all mononuclear cells 

2. Eosiuopli'iles ; 2*3 ])er cent of total cell count 

3. Mast cells (basophiles) : C per cent of total cell count 

4. Neuiropliiles: 0 

Wei ght of peritoneal fluid: 283 nig, (six determinations) 

Tiiroughout the period of the experiment, certain abnormalities were 
encountered in the cj'tologic characteristics of the peritoneal fluid of 
approximately 30 per cent of the animals used. Sucli animals, though 
usually healthy in other respects, tvere not included in the compilation 
of these data. The apparent reasons for these variations from the nor- 
mal were (1) dehydration; (2) peritoneal infection, usually the result 
of visceral puncture, and (3) endemic enteritis. 

Control Group; Peritoneal Response to Simple Laparotomy. — This 
o-roup comprises sixteen animals and a brief of the important data is 
slioum in Table II. As noted previously by Higgins and Montgomery, 
simple laparotomy, when carefuUy performed, causes little actual change 
'u the cytologic picture of the peritoneal fluid. Most striking is the 
of neutrophiles (Fig. 1), a fact Avhich is mirrored in the tran- 
™ t increase .of the total cells per cubic millimeter of fluid. The 
sient m • glance seem to undergo a decrease but fur- 

mononuc ea diminution of mononuclears (as well as 

ther analysis f ' relative to the influx of neutropliiles. The inclu- 
eosinophiles) is differential studj" merely^ adds an ex- 

sion of tbe neu lop ratio of tlie cells normally found 

trinsic variable tv uc 1 ^ appreciated by Webb in his statistical 

in the peritoneal ® ’ . (jjfferential count,” has been used in this 

aMlysis. TteW"'’ 
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of sulfanilamide, the only observations of importance were a lack of 
adhesions, except as in the control series, and some enlargement of the 
spleen. This organ, which was almost black, confirmed previous ob- 
sen'ations of Machella and Higgins, and showed neither microscopic 
changes nor increased iron deposits. 


Sulfanilamide 



r'le. 3.— Percentage of mononuclear components of the total number of cells, exclusive 
of neutrophiles, following the intraperitoneal implantation of sulfanilamide. 

Response Within the Peritoneal Cavity to Sulfathiazole. — Eight- 
een animals were used in this series. Sulfathiazole remained grossly 
'dsible for three to five days. During the fii-st forty-eight hours, the 
generally appeared as agglutinated masses, floating freely and not 
eHdencing any tendency to serosal attachment or peritoneal damage, 
tmdissolved clumps of the drug were taken up sulisequently by 
the omentum and had dissolved completely therein by the third to fifth 
In this connection, several features ai-e of note. First, the more 
uniform the implantation of tlic drug about the peritoneum, the less 
likely arc imdissolved clumps of the drug to remain for subsequent 
omental disposal. Second, the use of ciystals instead of the powdered 
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'llie licspnnsc Within the Peritoneal Cavity to Sulfanilamide.— Twelve 
animals were \iscd in this scries. Althongli the amounts of sulfanila- 
mide were rather larnc, ^ross evidence of the drug u-as not visible sk to 
eight houis after its introduction into the peritoneal space. There uas 
no hyj)cremia of either visceral or parietal peritoneum and a transitory 
initial increase of the quantity of fluid liad disappeared in twenty-four 



The cellular reaction to sulfanilamide had two important char- 
’ tics- (1) The neutrophile response was not beyond levels ob- 
^control animals (Fig. 1). Thus, it appears that sulfanilamide 
servea^ ^^ced intraperitoneally does not induce any acute inilam- 
when in r ^ There did occur, however, a low-grade stimula- 
matory „nonuclear phagocytic cells, together with a gradual 

tion of the la g number over a six-day period (Fig. 3). 

increase of 10 P® e.xtremely mild peritoneal irritation. At 

This reaction is y P fourteen days after the introduction 

post-niorteio 
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drug greatly facilifalcd (Iio imjdanlalion, because the powder tends to 
mass itself in damp clumps, like confectioners’ sugar, while the crjsstal- 
linc form distributes itself more evenly like granulated sugar. In either 
instance, the peritoneal cellular response was identical. This reaction 
was eharacteri/ed by (1) minimal serosal damage, as evidenced by lack 
of adhesions; (2) a moderate and prolonged neutrophilic response, as 
compared witli control levels (Fig. 1); (3) an immediate and marked 
inci'cnse of the number of mononuclear phagocj'tes (Fig. 4), in which 


Sulfathiaz.ole 



nf mononuclear components of the total number of cells, exclusive 
Tig 4 ^^^**trophUes*^ folloTVing the intrapentoneal implantation of sulfathiazole 

evidence of extreme activity (large size, multinueleation, 
there was , vacuolization, and rare mitotic figures), and 

cytoplasnuc m ^otal cell count per cubic millimeter of 

^4] a noticea ® levels This not only reflects an actual cellular 
fluid beyond con lo degree of peritoneal irritation had 

increment but a so pj-oduce a fluid dilution factor. This latter 

not been severe enou^ measurement. 

obsMvrtion .» b..M 
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less iiTitating than sulfapATidine. At twenty-four hours after implan- 
tation, masses of sulfadiazine were firmly adherent to adjacent tissue 
surfaces, Ijdng between the incision and the omentum. However, by the 
sixth postoperative day, onlj' an occasional remnant of the drug re- 
mained undissolved. 

The peritoneal reaction to sulfadiazine was characterized by (1) some 
serosal attachment and damage; (2) a walling off of the agglutinated 
masses of the drug, to a lesser degree than that pjroduced by sulfapyri- 
dine; (.3) a noticeable neutrophilic leucoej-tic reaction; (4) a small 
initial shower of lymphocytes, together ■svith a rapid and steady increase 
of the large mononuclear phagoejdic cells (Fig. 6), and (5) an inflam- 
matorj' inci’ease of the quantity of peritoneal fluid to 330 mg. in twenty- 
four hours, sufficient to produce a notable dilution of the total cells per 
cubic millimeter. The spleens were uomal in all animals. 

The Response Within the Peritoneal Cavity to Sulfamethyldiazine 
and StilfanUylguanidine. — ^These drugs were used in small series, six 
animals for sulfamethyldiazine and twelve for sulfanilylguanidine. The 
gross peritoneal responses to them were almost identical and somewhat 
similar to that elicited by sulfathiazole. The drugs evidenced little 
tendency to serosal damage or attachment, gi’ossly disappeared from 
the peritoneum in three to five days, and produced cellular responses 
somewhat like those elicited by sulfadiazine. The spleens were not 
affected bj' sulfamethyldiazine, but in approximately 30 per cent of 
animals receimng sulfanilylgiianidine the premously described splenic 
changes were obsen-ed at necrop.sy. 

COMMENT 

The sulfonamide compounds are bacteriostatic di’Ugs; their action in 
the body is to prevent invasion. The summation of their effect is sim- 
ply an attenuation of virulent microorganisms, bolding them in check 
until the local tissue defenses, long ago perfected by nature, can over- 
whelm them. Thus, in the final analysis, it is the mustering defensive 
forces of the body which repel the invader and repair the damage, a 
fact appreciated by Paracelsus, in 1536. With this in mind, it must 
be apparent that intraperitoneal sulfonamide therapj- is a valuable 
adjunct to abdominal surgery, but its use does not lessen the respon-. 
sibilities of the surgeon. Among the.se responsibilities is the choice of 
the proper sulfonamide compound for intraperitoneal implantation. 
Should one postulate an ideal sulfonamide compound for intraperitoneal 
use, it is certain that the following qualities would be included: (1) 
The compound sliould be active against a variety of microorganisms; 
(2) it should be innocuous to the peritoneum; (3) it should exert a 
prolonged bacteriostatic effect; (4) it should stimulate the natural local 
defense mechanism, to complement the attenuating effect of the dru" 
’■ t bacteria. 
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among Die viscera aiul by llie omenfiim, and frequently could he seen, 
fouitcon days after inii)lantalion, surrounded bj’ foreign-body giant 
cells. ^ Organizing adliesions were frequent and one instance of partial 
intestinal obstruction wa.s noted. Tiic cellular reaction was character- 
ized by (1 ) a response of the neutrophiles similar to that induced by 
sulfat biazole (Fig. 1); (2) an initial shower of lymphocytes, the small 
round colls of intlainmation, followed by a rapid accumulation of mono- 
nuclear ])liagocytic cells (Fig. 5), phenomena which are indicative of 



* mnnonucieai components of the total number of cells, evclusive 

Fig. 8 ^^neutrophCes,^ fonoi\"ng the intrapentoneal implantation of sulfadiazine. 

• -1 1 - Tiovitmieal irritation, as seen in aleuronat peritonitis or follow- 
yiolen p injection of sodium rieinoleate, and (3) an inflam- 
ing mtrap peritoneal fluid sufficient to cause a noticeable 

matory mciea^ count per cubic millimeter. At necropsy, 

dilution notablj^ enlai-ged but were dark in about 50 per 

cent of the fjtc Peritoneal Cavity to Sulfadiazine.— This 

The Response animals and found to be only slightly 

„ nopfl in a senes vx 
drug was usea 
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Hinshaw and IMoses suggest that pigmentation with a sulfhenioglobin 
compound may be tlie answer. 


St)MM.VRT 

An experimental technique is reA’iewed for the stiidy of the peri- 
toneal I’espouses to ciystalline sulfonamide compounds. Data are pre- 
sented on the peritoneal responses of the white rat to simple laparotomy 
and the intraperitoneal implantation of sulfanilamide, sulfathiazole, 
sulfapyiddine, sulfadiazine, sulfamethyldiazine, and sulfanilylguanidine. 
Each of these drugs produces some peritoneal reaction, as mirrored in 
the cellular changes which take place in the peritoneal fluid. These 
reactions, ranging from the meager response to sulfanilamide to the 
A’iolent responses induced by sulfapjwidine, are nonspecific and depend 
on a foreign-body reaction of the tissues toAvard the drug itself, as well 
as on the innate irritant properties of certain of these compoimds. The 
relation of this local tissue response to the efficacy of sulfonamide ther- 
apy is stressed. These drags oAve their therapeutic A-alue to properties 
of bacteriostasis ; the actual Idlling and disposal of the attenuated bac- 
teria are peiTormed by the local cellular defense mechanism. The aug- 
mentation of the peritoneal cellular defenses by these drags in local 
application is of great value, complementing as it does their bacterio- 
static properties. HoAveA’er, the vigorous response initiated by ceidain 
of the sulfonamide compounds, especially sidfapyridine. Avails them off 
from the general peritoneal caA'ity so rapidly as to reduce their effec- 
tiveness as bacteriostatic agents. Of the sulfonamide compounds used 
in this study, it Avould seem that sulfathiazole lias certain advantages as 
an intraperitoneal chemothei-apeutic agent: (1) it is active against a 
variety of microorganisms; (2) it is innoeuovis to the peritoneum; (3) 
it exerts a prolonged bacteriostatic effect, and (4) it stimulates the 
local ejdologic defense mechanism to an effort; the equal of any inspired 
by usual methods of peritoneal A’accination. 
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Witli llicse four proniises in mind, it is apparent from these experi- 
mental data llial sulfalliiazolc, of the sulfonamide compounds now in 
gcneial use, is the most logical choice. It is bacteriostatic against most 
of the commonly cncounicrcd pyogenic microorganisms, and especially 
against Slrcpiococcux faccalis and Eiiclicriclua. coU, those sjnnbiotic in- 
vaders .so common in i)erilonitis. It is innocuous to the peritoneum and 
contiguous structures. It exerts a prolonged action, remaining grossly 
visible and unattached in the peritoneum for three or four days. Some 
clinical ]>roof of this lies in a statement by Herreil that levels of this 
drug of more than 500 mg. ])cr 100 c.c. are maintained readily in the 
liuman peritoneal exudate for four to five days following its implanta- 
tion in quantities of 10 Gm. And lastly, sulfathiazole musters the local 
defensive forces to an effort that equals any produced by the usual 
means of intraperitoneal vaccination. 


This latter reaction deserves some attention. The cellular responses 
elicited by the sulfonamide compounds when implanted intraperitoneally 
arc qualitatively those of nonspecific peritoneal irritation. The quan- 
titative differences obseiwcd evidently are allied to such factors as solu- 
bility and chemical irritation rather than to any possible specific cell- 
ular stimulation. Tlio peritoneal response produced by the rapidly dis- 
solving and inert sulfanilamide is meager at best. At the other extreme, 
tlie response initiated by the irritating sulfapyridine is so \dolent that 
the masses of drug are walled off from the general peritoneal cavity 
long before their solution is complete. Midway between these two is 
the peritoneal response to sulfathiazole. This drug seems to act as a 
slowly dissolving, nonirritating foreign body. Not only does the cell- 
ular reaction provide neutrophilos as a first line of defense, but, more 
important, there is a rapid augmentation of mononuclear phagocytes, 
the real bulwark of cellular defense and the potential hiiildiiig units of 
reparative processes. Regardless of such factors as omental migration, 
fluid dihrtion, and antibody reaction, the mononuclear phagocyte is 
robably the most important single element in the peritoneal defense. 
This'response to sulfathiazole is the equal of that inspired by methods 
{ peritoneal vaccination, as studied in the rat by Seel.v, Higgins, and 


mi ' sulfonamide compounds, in local application, offer a means of 
^1- neritoneal infection, not only therapeutically but also propb.v- 
attacK on p of sulfathiazole to enhance the local cytologic 

lactically. conjunction with prolonged bacteriostasis, would 

defense mec lan ^^jf^j^amide compound of choice for intraperitoneal 
seem to make i ^ superiority is being borne out and confirmed by 
use. the controlled experiments on peritonitis of 

auinmls by nipu > -giion for the discoloration of the spleen is at 
Ho reasonable exp aj jiachella and Higgins, and by Feldman, 

had. Some i»vesl.g»« ■ 
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HinshtW and Jloses suggest that pigmentation with a snlfhemoglohin 
compound may be the answer. 


SUMMARY 

An experimental technique is reviewed for the study of the peri- 
toneal responses to crystalline sulfonamide compounds. Data are pre- 
sented on the peritoneal responses of the white rat to simple laparotomj^ 
and tlie intraperitoneal implantation of sulfanilamide, sulfathiazole, 
sulfapjmidine, sulfadiazine, sulfamethyldiazine, and sulfanilylguanidine. 
Each of these drags produces some peritoneal reaction, as mirrored in 
the cellular changes which take place in the peritoneal fluid. These 
reactions, ranging fi'om the meager response to sulfanilamide to the 
wolent responses induced by sulfapjTidine, are nonspecific and depend 
on a foreign-body reaction of the tissues toward the drug itself, as well 
as on the innate irritant properties of certain of these compoiuids. The 
relation of this local tissue response to the efficacy of sulfonamide ther- 
apy is stressed. These drags owe their therapeutic value to properties 
of bacteriostasis ; the actual Icilling and disposal of the attenuated bac- 
teria are performed by the local cellular defense mechanism. The aug- 
mentation of the peritoneal cellular defenses by these drugs in local 
application is of great value, complementing as it does their bacterio- 
static properties. However, the vigorous response initiated by certain 
of the sulfonamide compounds, especially sulfapyridine, waDs them off 
from the general peritoneal cavity so rapidly as to reduce their effec- 
tiveness as bacteriostatic agents. Of the sulfonamide compounds used 
in this study, it would seem that sulfathiazole has certain advantages as 
an intraperitoneal chemotherapeutic agent: (1) it is active against a 
variet}^ of microorganisms; (2) it is innocuous to the peritoneum; (3) 
it exerts a prolonged bacteriostatic effect, and (4) it stimulates the 
local cj*tologic defense mechanism to an effort the equal of any inspired 
by usual methods of peritoneal vaccination. 

RCTERENCnS 

1. Bloom, William: Lyinplioc) tes and Monocytes; Theories of Hematopoiesis, Fi- 

broblasts and Histiocj-tos : In Doivney, Hal: Handbook of Hematolog}-, 
Xew York, 1938, Paul B. Hoeber, Inc., p. 373. 

2. Dees, J. G. : A Valuable Adjunct in Perforated Appendices, Mississippi Doctor 

18: 215 217, 1940. 

3. Epps, C. II., Ley, E. B., and Howaid, R. M. : Treatment of Peritonitis; Intra- 

pcritoneal Use of tlie fiulfonamidcs Based Upon Animal Experiments, Surg., 
Gjnoc &. Obst. 74: 17(i 179, 1942. 

■J. Feldninn, W. H., llin«li,ai\, 11. C, and Mo^es, H. E : Personal communication 
to the author. 

5. Gay, F. P., and Clark, A. E : On Mode of .Vction of Sulfanilamide in Esperi- 
menlal Streptococcus Eiiipiema, .T. E\per. Med. 66: 535 548, 1937. 

0. Gai, F. P., and Morri«on, L. F.: Clasmatocytes and Rcbistance to Streptococcus 

Infection: Studios in Streptococcus Infection and Immunitv, J. Infect Dis 
33: :!38 3G7, 192.1. 

1. IlaKcmaii, P. O. : ToMuty of Sulfanilamide. A Study of the Pathological 

Lesions in White Mice, Proc. Sne. E\{K»r. Biol. A Med. 37; 119 122, I93L 

8. llerrell, W. E.: Personal communication to the author. 



SUKGKUy 


‘)1G 


With these four premises in mind, it is apparent from tiiese experi- 
mental data that sulfathiazole, of the sulfonamide compounds now in 
general use, is the most logical choice. It is bacteriostatic against most 
of the commonly encountered pyogenic microorganisms, and especially 
against SfrcjUococcus fucenhs and EscJicricliia coli, those symbiotic in- 
vaders so common in peritonitis. It is innocuous to the peritoneum and 
contiguous structures. It c.xerls a prolonged action, remaining grossly 
visible aiid unattached in tiie povifoiiciim for three or four days. Some 
clinical proof of this lies in a statement by Ilen-Qll that levels of this 
drug of more than 500 ing. per 100 e.c. are maintained readily in the 
Inunan peritoneal exudate for four to five days following its implanta- 
tion in quantities of 10 Gm. And la.stly, sulfathiazole mustei-s the local 
defensive forces to an eft’m-t that equals any produced by the usual 
means of intraperitoncal vaccination. 


Tin’s latter reaction deserves some attention. The cellular responses 
elicited by the sidfonamidc compounds wlien implanted intraperitoneallj^ 
are qualitatively those of jionspeeifie pem'toneal irritation. The quan- 
titative differences observed evidently are allied to such factors as solu- 
bility and chemical irritation rather than to any possible specific cell- 
ular stimulation. The peritoneal response produced by the rapidly dis- 
solving and inert sulfanilamide is meager at best. At the other e.xtreme, 
the response initiated by the irritating sulfapj-ridine is so violent that 
the masses of drug are waUed off from the general peritoneal cavity 
long before their solution is complete. Midway between these two is 
the peritoneal response to sulfathiazole. This drug seems to act as a 
slowly dissolving, nonirritating foreign body. Not only does the cell- 
ular reaction provide neutrophiles as a first line of defense, but, moi’e 
important, there is a rapid augmentation of mononuclear phagocytes, 
the real bulwark of cellular defense and the potential building units of 
reparative processes. Eegardless of such factoi-s as omental migration, 
fluid dilution, and antibody reaction, the mononuclear phagocyte is 
probably the most important single element in the peritoneal defense. 
This response to sulfathiazole is the equal of that inspired by methods 
f peritoneal vaccination, as studied in the rat by Seely, Higgins, and 


Tl ' sulfonamide compounds, in local application, offer a means of 
^1- peritoneal infection, not only therapeutically but also prophy- 
attacK on p of sulfathiazole to enhance the local cytologic 

lactically. ‘ conjunction with prolonged bactcriostasis, would 

defense mec la ^ sulfonamide compound of choice for intraperitoncal 
seem to mab® ^ ^ superiority is being borne out and confirmed by 

use. Tills theore i ‘ , ^ controlled experiments on peritonitis of 

recent studies, esp^ Howard. 

animals by wPP ’ ’ for the discoloration of the spleen is at 

No reasonable exp an jjachella and Higgins, and by Feldman, 

Some investtgahons . 



COilPAliATIVE BLOOD CONCENTRATIONS OP SULFAGUANI- 
dine, sulfanilamide, and sulpathiazole after 

ADMINISTRATION ORALLY, PERITONEALLY, 

AND PLEURALLY TO DOGS 

A. JI. Ambrose, Ph.D., Louisvilee, Ky., and 
H. B. Haag, M.D., Richmond, Va. 

(From the Departments of Pharmacology of the University of Louisville School of 
Medicine, Louisville, Kentucky, and Medical College of Virginia, Richmond) 

INTRODUCTION 

•^HE relative rates of absorption of sulfanilamide and sulfathiazole 
from the gastrointestinal tract, peritoneal cavity, and pleural cavity 
of dogs have been previously reported from the laboratory of the Med- 
ical College of Virginia with a brief discussion of the clinical significance 
of such observations.’- ^ Since the introduction of sulfaguanidine,® stud- 
ies have been made as to its bacteriostatic effect on intrapleural applica- 
tion‘ ; its local effects on the peritoneal cavity"’ ; and its diffusing tendency 
when placed in wounds.® The fact that sulfaguanidine v'as regarded as 
being especially poorly absorbed from the gastrointestinal tract, had a 
low systemic toxicity, and had been found to be effective against several 
types of pathogenic organisms,® would suggest that its use peritoneally 
and pleurally might provide an unusually safe local bacteriostatic 
measure of relatively prolonged effectiveness. For these several reasons 
it was thought of some interest and possibly of some impoilance to du- 
plicate the earlier experiments on sulfanilamide and sulfathiazole using 
sulfaguanidine, and to compare the results of such tests with those ob- 
tained \sfitb the two former compounds. 

EXPEROtENTAD 

Mongrel dogs of mixed sexo.s and weighing 8 to 15 kg. were used as 
experimental subjects. Prior to experimentation thej’ were deprived of 
food for about tvelve hours, and after administration of the drug, both 
food and water were withheld for six or seven hours. For the purpose 
of determining the extent of sulfaguanidine absorption, samples of blood 
were taken from the saphenous vein at hourly intervals for the first six 
or .seven houis after medication, and then, finally, after twenty-four 
houi\s A samjile for control was also taken immediately before experi- 
mentation. The blood concentration of sulfaguanidine was determined 
by a modification of the method described for sulfanilamide by Bratton 
and Mai'shall,' using a photoelectric colorimeter with filter No. 540. 

When the sulfaguanidine was given orally, it vas administered, sus- 
pended in water, hy means of a .sloniaeli tube. For intrapleural and 
iiitrapei-iloneui administration, asejitie surgical procedures were fol- 
lowed, the animal licing anestlictiml witli oilier witliout premedication. 
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indicates the statistical significance® of the differences between the rate 
of absorption from the several sni’faces, tlie least significant differences 
being noted on comparison of absorption following oral administration 
with that following peritoneal administration. The values for the blood 
concentrations after administration orally coincide with those obtained 
by Marshall, Bratton, White, and Litchfield.® 



2.— Comparative average blood concentrations of sulfagnanidine, sulfanilamide, 
fha in dogs after peritoneal administration. Five dogs were used for 

four for the other compounds; the dose of each was 100 mg. per 



Another small series of experiments was performed to deteimine ap- 
proximately tlie relationship between dose and subsequent blood con- 
centration of the drug. One dog received 200 mg. of sulfa guanidine per 
bilograin intraperitoneally; the peak blood concentration of 4.SS mg. 
per 100 c.e. was reached after five hours. Two other dogs similarl.v 
received 400 mg. per kilogram. Neither of (liesc latter dogs .sliowod .so 
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The incisions were closed wiMi calgut and silk, and the animals ahowed 
to recover. Wlicn the drug was administered into the pleural space, a 
long incision was made into the foarih. right interspace and the powdered 
snliagnaindine dnsted on the visceral pleura. For intraperitoneal dosage 
a inidhno incision wa.s made betiveen the sjunphysis pubis and the 
X 31 )hoid of the sternum, the drug being applied to the intestines directly 
under the greater omentum. - 

RESULTS 

Pig. 1 illustrates the results of our oiiservations when the dose of 
sulfaguanidiuo for each of tlic three methods of administration ivas 100 
mg. per kilogram of body weight, four dogs being used for each method 



pjg. 1 . — Comparative absorption rate of sulfaguanidine in Oogs following various 
routes of administration. Dose of sulfaguanidine, 100 mg. per Jcilogram, 


and the blood concentration values averaged. This is the dose of sulfa- 
guanidine which has been used by oral administration in man.® Table I 


Tabpe I 


T Values eor the Diffekewces nv the Blood Concentrations of Sulpaguanidine 
Fohhowitia Bifpekent Methods of Administration in Boas (Six 
Degrees of Freedom Thkoeghoet) 


ORALLy/PEElTONEALLY OKALLy/PLEURAMjY PLEDEALLY/PERirONEAbLy 
IN HOOTS) ^ — 


1 

2 

3 

4 

5 

6 
7 

24 


0.43 

0.23 

1.00 

1.90 

1.96 

2.48 

2.53 

0.70 


6.26 

6.26 

3.61 

3.50 

0.07 

1.48 

2.76 


6.41 

6.59 

4.00 

5.21 

0.05 

0.06 

1*70 


1 1)70 I a.(o 1 

_?4 be 2.447. at ' the 1 per cent point. 3.70T. 
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high a blood concentration as the first one, except after twenty-four 
hours, when the average blood concentration of these two (2.85 mg, per 
100 c.c.) was twdce that of the first (1.41 mg. per 100 e.c.). Another 
dog was given 400 mg. per kilogram orally; the blood concentration of 
sulfaguanidine never reached the levels noted in the animals receiving 
only 100 mg. per kilogram. These observations are in keeping with those 
of Marshall and his associates^ on mice and dogs. 

Pigs. 2, 3, and 4 show the comparative blood concentrations of sulfa- 
nilamide, sulfathiazole, and sulfaguanidine after their administration in 
identical amounts peritoneally, pleurally, and orally. The values of 
sulfanilamide and sulfathiazole are those obtained in earlier studies,^’ - 
performed in a similar fashion as the present ones, with sulfaguanidine. 
Table II gives the statistical significance of the differences found be- 
tween the blood levels of the A'arious drugs on administration by the 
several methods. 



DISCUSSION 

Mliile sulfaguanidine has been considered as being poorly absoi'bed 
from the gastrointestinal tract, the fii-st report on the compound by 
^larshall and co-ivorkers® showed that after administration in doses of 
100 mg. per kilogram orally to dogs, from 60 to 70 per cent of the chem- 
ical could be accounted for in the urine within twenty-four houi-s ; this 
indicates a degree of absoiiitioii and elimination approximately that of 
sulfathiazole.^" Low blood concentration values in the case of any drug 
need not necessarily mean poor absorption, but actually might mean 
good absorption Avith rapid elimination. This is Avhat apparently occurs 
"■ith sulfaguanidine.” jMarshall and bis colleagues^ found in dogs that 
doses of sulfaguanidine larger than 100 mg. per kilogram produced lower 
blood and urinary excretion levels. We have had similar experiences. 
Conrin” obserA’ed that after oral administration to monke.A-s of sulfa- 
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DEAINAGE OP THE EXTEEIORIZED LITER 
(EXTERNAL HEPATOSTOaiT) 

A Palliatito Operatiox for Jaundice 

W. Watne Babcock, M.D., Philadelphia, Pa. 

(From the Surgical Department of Temple University) 

A WOi\IAN 68 years old, intensely jaundiced from carcinoma of the 
biliary tract, was transferred to Temple University Hospital, Nov. 
30, 1940, in the hope of obtaining relief from the extreme itching and 
nausea. No local or general remedy had been palliative, and sedatives 
and narcotics gave the patient little rest. 

Gallstones were removed and a cholecystogastrostomy was done under local 
anesthesia on Dec. 4, 1940. As the common bile duct seemed fused in a mass of 
malignant tissue and the gall bladder free from bile, it was not surprising that 
no improvement followed the operation. Twenty-sis days later, under spinal anes- 
thesia, the abdomen was opened again in the hope of finding some outlet for the 
hile. There were multiple 5 to 7 mm., firm, graj-ish, metastatic nodules in the 
liver. One of these was removed for microscopic study by a wedge-shaped resec- 
tion of the free edge of the right lobe of the liver. Instantly, clear colorless bile 
poured from a minute duct on the incised surface. The edge of the right lobe, 
therefore, was exteriorized with four interrupted transfixion sutures of fine alloy 
steel wire, and the skin and deeper structures closed about the organ with layer 
interrupted wire sutures. A double suction drain of alloy steel was inserted 
through a stab wound beneath the liver to evacuate continuously any peritoneal 
liquids resulting from leakage or exudation. Petrolatum gauze was applied over 
the exposed liver. Bile, which soon became amber colored, ran from the 1 mm. 
opening. The jaundice soon cleared and the patient, relieved of the intolerable 
skin irritation and nausea, was enabled to sleep, to eat, to discontinue using nar- 
cotics, and later to leave her room. It was possible to pass a probe to the depth 
of about 12 cm. into the minute hepatic duct. When an attempt was made to 
dilate the duct for the insertion of a small cannula, the delicate wall ruptured. 
The patient returned to her home, January 19, A thin film of epithelium gradu- 
ally spread over the exposed surface of the liver and the drainage finally ceased, 
^Tth return of the jaundice and pruritus in Alarch. The patient re-entered the 
I'ospital, Starch 12, 1941, and a thin slice or wedge of the exposed liver was re- 
moved painlessly without an anesthetic, opening new ducts. The oozing of blood 
soon ceased under gauze pressure and the patient was discharged relieved three 
^oys later. By April 2S, epithelium again had spread over the liver surface and 
the abdomen had become markedly distended by fluid. A wedge of liver about 
8 cm. long, 2 cm. wide, and 2 mm. deep was excised. This was followed imme- 
diately by a free flow- of bile. Oozing was arrested by light gauze pressure, and 
« slender, double lumen suction drain for continuous aspiration was inserted into 
the abdomen under local anesthesia. 

The patient died from the progress of tlic disea.se about five weeks 
[htor. At no time was tiicre suppuration, inflammatory reaction, or 
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nilamidc, sulfathiazole, and sulfaguanidine in doses of 400 nig. per kilo- 
gram, sulfa guanidine gave the loAvest blood eoneenlrations with sulfa- 
lliiazole next, and then sulfanilamide. This dose of sulfaguanidine is 
probably not one to show optimal aksorption from the gastrointestinal 
tract. 

Our experiments coincide with more recent experiences that have 
shown that sulfaguanidine may be rather well absorbed from the gastro- 
intestinal tract.” The fact that sulfaguanidine is, as a rule, as rapidly 
absorbed from the gastrointestinal tract, pleural cavity, and peritoneal 
cavity is in keeping with our premous results obtained Avith sulfa- 
nilamide and suifathiazole.'’ • The present experiments also suggest 
that the persistence of bactei'iostatic action Avould be no gi’eater with this 
substance than Avith sulfathiazole. 


COKCIiUSIONS 

In normal dogs the rates of absorption of sulfaguanidine in a dose of 
100 mg. per kilogram body AAmight are nearly equal from the 
gastrointestinal tract and the peritoneal cavity. Absorption from the 
pleural cavity is definitely more rapid than from either of the other tAA'o 
sites during the first three or four hours after administration. 

In similar dosage, sulfanilamide produces generally a significantly 
liiglier blood concentration after peritoneal, pleural, and oral administra- 
tion than either sulfaguanidine or sulfathiazole. The tAvo latter 
sulfonamides produce more nearly equal blood concentrations. Ex- 
perimental evidence does not indicate that sulfaguanidine AA’ouId e.\'hibit 
a more lasting local bacteriostatic effect than sulfathiazole. 
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DRAINAGE OF THE EXTERIORIZED LITER 
(EXTERNAL HEPATOSTOjMY) 

A PALLUTI ^^3 Operation' for Jaundice 

AT. AVayne Babcock, IM.D., Philadelphia, Pa. 

(From the Surgical Department of Temple University) 

A AV0MAN68 years old, iiitenselj’' jaundiced from carcinoma of the 
** biliary tract, rvas transferred to Temple University Hospital, Nov. 
30, 1940, in the hope of obtaining relief from the extreme itching and 
nausea. No local or general remedy had been palliative, and sedatives 
and narcotics gave the patient little rest. 

GraJlstones were removed and a cliolecystogastrostomy vas done under local 
anesthesia on Dee. 4, 1940. As the common bile duct seemed fused in a mass of 
malignant tissue and the gall bladder free from bile, it was not surprising that 
no improvement followed the operation. Twenty-sis days later, under spinal anes- 
thesia, the abdomen was opened again in the hope of finding some outlet for the 
bile. There were multiple 5 to 7 mm., firm, grayish, metastatic nodules in the 
liver. One of these was removed for microscopic study by a wedge-shaped resec- 
tion of the free edge of the right lobe of the liver. Instantly, clear colorless bile 
poured from a minute duct on the incised surface. The edge of the right lobe, 
therefore, was exteriorized with four interrupted transfixion sutures of fine alloy 
steel wire, and the skin and deeper structures closed about the organ with layer 
interrupted wire sutures. A double suction drain of alloy steel was inserted 
through a stab wound beneath the liver to evacuate continuously any peritoneal 
liquids resulting from leakage or exudation. Petrolatum gauze was applied over 
the exposed liver. Bile, which soon became amber colored, ran from the 1 mm. 
opening. The jaundice soon cleared and the patient, relieved of the intolerable 
skin irritation and nausea, was enabled to sleep, to eat, to discontinue using nar- 
cotics, and later to leave her room. It was iiossible to pass a probe to the depth 
of about 12 cm. into the minute hepatic duct. When an attempt was made to 
dilate the duct for the insertion of a small cannula, the delicate wall ruptured. 
Ihe patient returned to her home, January 19. A thin film of epithelium gradu- 
fllly spread over the exposed surface of the liver and the drainage finally ceased, 
vith return of the jaundice and pruritus in March. The patient re-entered the 
’‘ospital, March 12, 1941, and a thin slice or wedge of the exposed liver was re- 
woved painlessly without an anesthetic, opening new ducts. The oozing of blood 
soon ceased under gauze pressure and the patient was discharged relieved three 
days later. By April 28, epithelium again had spread over the liver surface and 
fhe abdomen had become markedly distended by fluid. A wedge of liver about 
8 cm. long, 2 cm. wide, and 2 mm. deep was excised. Tiiis was followed imme- 
diatoly by a free flow of bile. Oozing was arrested by light gauze pressure, and 
a slender, double lumen suction drain for continuous aspiration was inserted into 
the abdomen under local anesthesia. 

The patient died from the progress of the disease about five weeks 
l ater. At no time was there suppuration, inflammatory reaction, or 
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cviclenl lualignaiil change of the exposed part of the liver, 2 ior did the 
skiti show irritation from eontacl with the escaping hile. Through the 
drainage of hile the progress of the disease became nearly painless and 
the i)atient, no longer i-e(jniring narcotics, also was j'clieved of the dis- 
turbances resulting from the use of such drugs. 

Previous to the above experience, a bab_v 7 months old, jaundiced 
fi-om birth and with a greatly enlarged liver, was admitted. Explora- 



jTig 1 Liver exteiionzed in the abdominal woimd previous to suture. 
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tory operation. Sept. 15. 1939, showed a larRo firm liver with \ery 
irregular surface. No evidence of gal] bladder or of extrahepatie 
biliaiy duets was detected and the condition of the child led me to 
close the abdomen without attempting to form an anastomotic channel 
between the liver and the gasti-ointeslinal tract. Not until kodaehi'ome 



Fie. 3. Jaundice and enlarged luer m 7-month-oId bab^, from agencsie of the e\tra' 

hepatic biliary sjsteni 
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pictures, taken during tiie operation, vreve tlirown on a screen was it 
recognized tiiat the liver surface was covered with greatly dilated bile 
duels. In the nicantiiue the child had been returned to his home in a 
distant town and had died from the progress of the disease. With the 
subsequent experience, I now, in such a case, would establish a biliary 
fistula from the .surface of the liver in the hope of later anastomosing 
the fistula with the alimentary tract, either in the manner described 
previous!}''' or in some other way. 

SUMM.ARY 

1. A ease is presented in which the edge of the liver was exteriorized 
upon the surface of the abdomen for about five months without un- 
favorable reaction. 

2. The exteriorized liver gradually became covered l)y a film of 
squamous epithelium derived from the adjacent skin. 

3. From a minute duet opened on the edge of the liver, sufficient 
drainage of bile oeeurred to relieve the patient of jaundice and its 
distressing symptoms. 

4. With closure by epithelization of open bile ducts it was possible 
to obtain additional adequate drainage painlessly and without un- 
favorable reaction by incision or rvedge-shaped resection of the ex- 
posed liver. 

5. Hepatostomy of the exteriorized liver is suggested as a palliative 
operation to relieve the patient of intense jaundice and associated 
symptoms of ineradicable malignant disease when other palliative meas- 
ures are ineffective. 

6. Hepatostomy, with or without exteriorization, is suggested as a 
possible first stage procedure for congenital absence or occlusion of the 
extrahepatic biliary ducts when a single stage anastomosis to the gas- 
trointestinal tract is unduly hazardous. 
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THE SUEGICAL APPEOACH TO LESIONS OF THE UPPEE 
SCIATIC NEEVE AND THE POSTEEIOE ASPECT 
OF THE HIP JOINT 

Howard C. Naffziger, Sax Pkaxcisco, Calif., axd 

Nath.vx C. Norcross, ^I.D.,t ^Iare Island, Calif. 

DECENT experiences with wounds of the sciatic nerve in the gluteal 
* ^ region have emphasized the usefulness of an approach to this region, 
developed by one of us (H, G. N.). This approach lias been found to be 
of great value in eases of gunshot wound in which munerons pieces of 
Metal are embedded in the area, since it gives a wide exposure facilitating 
the location and removal of these foreign bodies. Further, it exposes the 
upper portion of the sciatic nerve well into the sciatic notch, an ad- 
vantage not obtained by any other approacli. Of interest to orthopedic 
surgeons is the exposure of the postei'ior aspect of the hip joint afforded 
hy this incision. 

The gluteal region and the upper portion of the thigh are nidely pre- 
pared. As the patient lies prone, the incision is made from just above 
die posterosuperior spine of the ilium downward and outward in a 
sweeping curve that passes over the gi-eater trochanter, thence medially 
to the midline of the thigh and doivnward for a variable distance (Fig. 
I). The skin and superficial fascia are incised along this line, thereby 
exposing the fascia glutealis which is cut from the trochanter upward 
aud inward to the region of the posterosuperior spine where the gluteus 
Maximus muscle takes its origin. The muscle itself is not incised. The 
Mcision is carried downward from the trochanter just lateral to the 
insertion of the glutens maxinius muscle into the gluteal portion of the 
fascia lata, to the region of the gluteal sulcus. At this point it may be 
extended still farther downwai'd along the insertion of the muscle into 
the linea aspera and then medially through the insertion, or may be 
carried aex’oss the lower fibei’s of the muscle to the niidline of the thigh. 
The former requires a longer incision, while the latter calls for section 
of the lower fibers of the muscle. Both have been found satisfaetorj'. 
Starting at the trochanter, the gluteus raaximus muscle with its fascia 
is separated blunt dissection from the underlying stnietures and is 
turned back like the cover of a book, with nerve and blood supply intact, 
so that the sciatic nerve lies exposed from tlie pmnformis muscle just 
below the sciatic notch to the point at whicli tlie nerve disappears be- 
neath the long head of the biceps femoris. The gluteus medins, 
PJTnformis, gemelli, obturator internus, and quadratns femoris muscles 
and the upper portion of the long head of the biceps femoris are aE 
within clear view (Fig. 2). 

•University of California Hospital, San Francisco. 

tLieutenant Commander, Medical Corps, U. S. N. It., U. S. N'a\aJ HoM'itaJ 
Island. * 
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I r llio incision is cxlended down the thigh, the entiie sciatic nerve may 
he cxjiosed fioin tlie noteli to tlie popliteal space, tlie biceps femoris 
nuisele being swung np or down to nncover the mid-portion of the 
iH'rve as it jiasses lieneath tlie muscle. The entire incision is relatively 
dry, no structure ol imiiortanee is sectioned, and on closure the parts 
fall together without tension. 
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He noticed no motor vealaiess. Sensation returned after one neek and wlien he was 
first examined by us, Jan. 24, 1942, only a small spot over the posterior aspect of the 
fhigli was anesthetic to pin prick. The Achilles and Iiamstring reflexes were absent. 
There was sUght weakness of the flexor muscles of the thigh, leg, and foot, and these 
muscles were veiy tender. There was a great deal of spontaneous pain and cramping. 
H-ray examination showed a foreign body just below the lesser trochanter, 8.7 cm. 
beneath the skin at the gluteal sulcus. There was a small scar 3 cm. below and 
slightly lateral to this. At operation, performed under general anesthesia, the sub- 
gluteal region was exposed by the method described above. The sciatic nerve was 
somenhat swollen and harder than normal at a point about 5 cm. below the notch 
and just below the emergence of the nerve from beneath the pyriformis muscle. 

hard object was palpated under this muscle and a fragment of a bomb case wa.s 
remored without difficulty. The sear in the neiwe was defined by injecting it with 
.aline solution, causing ballooning of the normal nerve (Fig. 2) and outlining 
wcurately the extent of the sear which occupied the outer one-third of the nerve. 
i*euroljsis was performed. Crystalline sulfanilamide, 4 Gm., was dusted into 



complete exposure with the /tlutciis niaxinius ttirnnrt r.u 

nerve and blooO supply, the sciatic ijer\'e, the sciatic notch etc 

of a scanetl nerve with saline solution. notch, etc. Note the injection 
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tlio T\ouiid. i)io cut portion of the gluteus maximus muscle uas sutured 
"50\oral mattress stitches of catgut and the deep fascia closed bj intcriupted silk 
sutures. The siipeificial fascia and skin were closed by interrupted silk sutures lutli 
out drainage. The uoiind liealcd uell, the patient being out of bed on the seienth 
da^^ and the sutures neio reinoied on the tenth The spontaneous pain uas com 
Iiletoly relioied and the soreness of the muscles uas lessened consider.ablj Some 
cramping remained but has slowh improied 

On Utarch 21, 1942, the Achilles and lateial hamstring reflexes nere still absent 
but the medial hamsfimg letlex had letiirned Jfo niotoi weakness uas demonstrable 
Ihc sensory loss remained unchanged In shoit, slight but definite object}} e and con 
siderablo subjective improxement had occurred 


CAsr 2. — ^B. J H nas struck by machine gun bullets, Dec 11, 1941 The nound 
of ontinnee nas in the upper right gluteal legion and fno fragments had lodged 
deep in the adductor longus muscle Numeious nietallic fragments ivere scattered 
along the line of the projectile nhicli had fractured the acetabulum The patient 
nas Hist seen at the Maie Island Haxal Hospital on Jan 2, 1942, complaining of 
lery severe pain nhich radiated doivn the back of the right leg to the foot The 
Achilles reflex ivas absent There nas a little sensoiy loss in the foot over the 
distribution of the fifth lumbar and first sacral roots Slight neakness nas noted 
m the muscles of the leg, both anfoiiorli and postoriorh, and there nas some um 
form ivasting of the leg The gluteus maximus muscle nas completely parahzed and 
greatlj atioplued Because of the seieie pain, lequiiing moiphine, exploration nas 
decided upon On Feb 4, 1942, the incision described above was carried as far as 
the lower fibers of the gluteus maxinius muscle nithout cutting them The musolo 
nas reflected and the region of the sciatic nerie exposed Tliiee fragments of metal 
were found embedded in soar tissue on top of the nerve and there nas a small abscess 
just medial to tiie none nhieli itself seemed to be intact The abscess, scar tissue, 
and metal fragments nere removed by blunt dissection The nound nas tboiougblj 
iriigated, cijstallme sulfanilamide, 5 Gm , nas dusted in, and closuie ms made 
nitb one layer of deep silknorin gut sutures Cultures fiom the abscess shoned no 
oTontli and the wound healed by first intention, the sutnies being removed on the 
tenth day Following operation the severe pam in the log and foot nas completely 
lelieved and the patient had no complaint referable to the sciatic nerve At a sub 
sequent operation an abscess m the adductoi longns muscle nas drained and more 
metal fragments nere lemoved 

Examination, March 29, 1942, showed that the light Achilles reflex was still 
absent The moderate degice of generalized weakness of the leg was unchanged and, 
ss before, included muscles innervated bv the femoral as well as the sciatic none 
ton'm the first sacial deimatonie bad returned but that of the fifth lumbar 
st ^'showed some lo«s There was no improvement in the atiophv of the gluteus 
muscle The patient had no spontaneous pun but coriipl lined when the 
niaximiw^^^^^ squeezed There nas little pain over the nerve and ho nnlkod 

fairly well without support 

SUaUfAKl A^D CO^Ct,US^ONS 


nosure of the gluteal and sciatic legioii is dcsciihccl and dins- 

2 Tiie aic sectiouc] 

3 No impoi ‘ bodies ni this aica is gically f.icilitafod aiifl, 

4 The seaich to = moie than compensates for the Jong incision 



POSTOPERATIVE (“ANESTHETIC”) PARALYSIS OF THE 
BRACHIAL PLEXUS 

A REVrEW OF THE LITERATURE AND REPORT OF NiNE CaSES 
Edavin G- Ceausen, jM.T)., Oakland, Calif. 

(From the Divixion of Surgery, Vnirersity of California Medical School) 

P REVENTABLE injuries to the unconscious patient upon tiie operat- 
ing table arc, fortunately, infrequent though they occur more often 
tlian might lie suspected; reports of such injuries arc likely to be sup- 
pressed because of medicolegal conrplieations, and many of the younger 
surgeons are entirely unaware of the possibility of such an occurrence. 
Some of those who do knoiv of it have learned by the bitter exiierienee 
of obtaining a perfect operative result only to have the patient dis- 
abled because of mishandling during his period of unconsciousiress. In 
war surgery, when many operations will necessarily be done under 
great stress, it is imperative to have this complication ever in mind. 
Foresight on the pari of the responsible .surgeon may save weeks of dis- 
ability for men in the armed forces. 

Among such preventable injuries, that to the lirnchial plexus is all 
too common. Biidinger,^ of Billroth’s clinic, was the first to repoid such 
an injury occurring at the operating table, though other surgeons un- 
doubtedly had been fullj' aware of this complication. Numerous ai'ti- 
eles were written during the latter part of the nineteenth and the early 
part of the twentieth century,'*'® but these serious and wliolly prevent- 
table injuries have received little consideration recently.''*'^ They are 
of such discredit to the surgeon, however, that they should be brought 
moi’e prominently to the attention of the profession. 

At fii*st such injuries were attributed to anesthesia itself, but proof 
was soon forthcoming that they actually result from the patient’s posi- 
tion on the opei'ating table, which the surgeon frequently fails to super- 
mse. Purthennore, he may be thinking more of his operative con- 
venience than of a position of comfort for the patient. 

The mechanism involved in injuries to the brachial plexus has been 
the subject of much debate. Biidinger explained such trauma upon the 
basis of pressure between the clavicle and the firat rib; Krumm^ be- 
lieved that the nerves were compressed between the clavicle and the 
transverse processes of the fifth and sixth cervical v'ertebiue, and 
BrauiF thought that the explanation lay in the compression over the 
head of the humerus while the arm was in external rotation and exten- 
sion. Further studies seem not to have substantiated these ideas. It 
seems more logical to assume that injury to the brachial plexus received 
wlvile the patient is anesthetized may have the same mcchani.sm eom- 
injuries to the plexus, namely, tension. Gerdy is credited 

Itccclvcd for liubllcatioH, June 13, 1912. 
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by Prencli aiUliors willi orijrinatiiig the tlieory of traction, altlioiigh 
otiiers mentioned paralysis following a direct pull in the reduction of 
a dislocated shoulderd''’ ’’’■ Horsley* emphasized the importance of a 
spread between the shoulder and the head in the production of these 



• » Showintr the niclilnp of tlie plexus ns 

Fig 2.-A, Anatomic rtrnn Ifpfaied <lo«m^^vard m ^n.I.Iuctmrn The- patient . 

ovcrjfte ncleilnb«|V4;rnor 

-Irf.*'""' 
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injuries and Stevens^® agreed ivitli the tlieory of tension, presenting 
mechanical evidence in its support. 

A number of factors may be contributory. To appreciate all of these, 
the anatomic relationships of the plexus in relation to the firet rib, the 
clamele, and the pectoralis minor mu.sele must be borne in mind (Fig. 
1). The injurj' is essentially one of stretch. Anatomically the nerves 
are fixed at the transverse processes by invaginations of the preverte- 
bral fascia and in the arm by the axillaiy fascia. Any structure or 
structures, whether in a normal or an abnormal position, tending to 
increase beyond nonnal limits the distance between the points of fixa- 
tion of the nerves, will cause injury. The structures involved are 
listed below. 

1. The arch formed by the tendinous attachment of the pectoralis 
minor to the coracoid process of the seapula acts as a fulcrum in the 
axilla around which the neurovascular bundle pa.sses. With movements 
of the shoulder, this arch changes so that the fulcrum is maintained in a 
neutral position preventing abnormal tension on the nerves. Wlien the 
arm is pulled dowmward in adduction the first rib instead of the arch 
becomes the fulcrum (Fig. 2, A). When the arm is elevated, the 
scapula rotates and the entire shoulder girdle movas upward so that the 
fulcrum seeks a level which ordinarily does not interfere with the 
neiwes as they pass into the arm. Should the shoulder be depressed 
while the arm is in abduction, however, the arch is low and the neuro- 
vascular bundle must pass around it to enter the ann (Fig. 3, A), 

2. The clavicle also has a place in the considei'ation of these injuries. 
'\^^len the am Ls by the side, the clavicle Iie.s in an oblique lateral posi- 
tion. When the arm is drawn backward, the clavicle assumes a more 
anteroposterior position and depresses the plexus into the reetroclavic- 
ular space. If the ai-m i,s carried behind the back and drawn domiward 
and across to the opposite side, the radial pulse will disappear. Com- 
pres,sion of the subclavian vein by the first rili and the claiicle has 
been demonstrated by Sampson, Saunders, and Capp.^" In extreme 
abduction and extension the clavicle actually compresses the plexus 
against the first rib (Fig. I, A), thouarh it is not this compression which 
causes the injury but rather the increased tension on the nerves distal 
to the area of compres.sion. In Fig. 4, A, the nerves can be seen to be 
not only compressed in their proximal eoui'se but cleaidy on tension 
distally. 

3. Latei’al deviation and extension of tlie bead have been known to 
produce injui‘ie.s to the plexus, particularly wlien the shoulder is de- 
pressed. Hoi-sley demonstrated this emphatically by dropping eadavei-s 
so that the impact was sustained with the head in abduction and the 
■shoulder depressed. Prank rupture of the plexus resulted. Obviously, 
any abduction would tend to increase the distance between the arm and 
the transvei-se proee.s.ses with resultant tension arising from other ab- 
normal conditions. 
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abduction, and extension, the 
head of the humerus produces an axillaiy prominence aroimd whicii 
le nerves must pss (Fig. 3, A). This can readily be seen at the time 
01 the axillary dissection during a radical mastectoniv. The injurj^ is 
not produced by pressure on the nerves of the head of the hunieras, 
but indirectly by increasing the distance between the points of fixation. 



Pig 3 — A, Anatomic diawms' t.lioning- the position of the ple\ns nhon the aim 
IS in external rotation abduction and extension the pionmience of the head of the 
hunieius and the aich foimed bj the tendinous process of the pectoi ihs niinoi nuisch 
are seen to put the plexus on incieased tension S, The patient s arm is in ibiiurtion 
in piepaiation foi uitnreiious medication the shoulder biace pieients the shouldei 
from shifting- iipuaid conseduentir the plexus assumes the position shoun in 1 


5. Several of the foregoing factors are not intohod uhen the arm is 


draum downward forcefully The fiist iib, howeter, hecomes the ful 
cram or prominence over whieJi the nenes pass (Fm 2, A) In tiiose 
positions in which the clavicle is depressed into tlie rotioelaMcuhn 
space, the first rib also plays a part in the median ism of injury by pre- 
venting the stractiires from falling back an ay horn the clavicle, and 
consequently the plexus may be compicssed or at least dneeted tlnoiigh 


an S-sliaped course. 

‘ Tnitu'ies to the brachial plexus occuuing on the opoiating table, 
^ 11 r then may result from any one of seteral laetois wlndi fend 
actua y, 1 stance lietnccn points of fixation of the nenes, naim h 
to increase „ Py the tendinous atfadnnent of the jiectoialis 

(1) the process, (2) depicssioii of the clavicle info the 

minoi' to tn ‘ lateral deviation and extension oi tlic head, 

retroclaxicular spa , 

b}' the bead of the Inimerus vnth the arm m 
(4) the ^ extension, and (5) the fiist rib. 

Uraal rotation, abductio . 



CLVUSEX; POSTOPERATIVE PAR \EYSIS OP BRACHI \E PLEXUS 937 


Congenital anomalies such as the presence of cenhcal ribs or an 
anomalous derivation of the plexus may make the nerves more AUilner- 
able. For example, though the plexus is ordinarily derived from the 
fifth, sixth, seventh, and eighth cervical and first thoracic roots, it mas" 
origmate at a higher or a lower level, thus, under certain circumstances, 
placing greater tension on tlie anomalous roots. Hypertrophy of the 
scalenus antieus muscle may play a part. These anomalies were not 
noted in the eases reviewed, nor were they encountered in our own 
patients. 



Fi^. 4 — A, Anatomic drawing showing compression of the plexus by the clavicle 
against the first rib when the arm is in extreme abduction and extension; injurj' is 
caused pnmanU bv tension on the ner\es distal to the claMcle and the first rib. Bj 
A patient in this position w ill show the anatomic features illustrated in A. 


During anesthesia, musculotendinous protection is partially or en- 
tirely absent. Consequently, there is little resistance to exaggerated 
positions which result in increased tension upon the plexus as well as 
the subclavian arteiy and vein. These positions must be avoided and 
all movements of the patient must be attended b}* an adequate pei*sonnel. 

Pathologic changes are seldom seen. Biidinger^ made one post-mortem 
examination hut vas unalile to detect either macraseopic or mieroseopie 
changes within the nerves This has been the experience of surgeons 
who have examined the plexus at the time of operation following un- 
complicated injuries to the plexus associated with traumatic paralysis. 
There have been, liowever, reports of ecehjmiosis, exudate, or scar of the 
fascial envelopes and fibrous septa in the nerve trimks noted at opera- 
tion.'® Actual rupture is extremely rare even in traumatic cases 
and no report was found of such an oecuri'ence in so-ealled "anesthetic 
paralysis. ’ ’ 

Tlie diagnosis can he made readily if one is aware of the complica- 
tion, though minor injuries with ti-ansient impairment of function may 
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frequent.1y pass luinolieecl. Paralysis, partial or complete, is noted im- 
mediatcly_ upon awakening. The patient may complain of anestliesia, 
Inpeilhcsia, liyperestliesia, or paresthesia. In genoi’al, sensation seems 
less affected than motor power, or it may not be involved at all. Ee- 
flexes may or may not lie present, depending on the severity of the 
injury. Tenderness in the supraclavicular space usually appears from 
five to ten days after o]mration, though local tenderness may be entirely 
absent. Ecchymosis has not been reported and was not present in this 
series of patients. Horner’s sjmdrome is oecasionall.v seen, indicating 
damage to the lower roots of the plexus. 

Ecturn of function, fortunately, is usually rapid and complete and 
sensation, if impaired, returns to normal quickly. An early return of 
reflexes, if they have been absent, indicates a return of function before 
active motor power is observed. Some muscular atrophy may result 
from prolonged inactivity but functional return was noted within one 
year in all but one of our patients. 

Prevention of the injury is the prime consideration. There is no 
specific treatment foi‘ the paralysis. The arm should be placed in 
s])lints so that the muscles will be in a neutral position, and physio- 
therapy should be instituted early. The use of electrostimulation is 
debatable. IMuscular atrophy may occur, depending upon the return of 
motor power. The patient’s confidence must be gained and he must 
be assured of retura of function. 

C.VSE REPORTS 

Case 1. — D. S., 43 years of nge, entered the hospital suffering from chronic 
cholecystitis with cholelithiasis. Her general health was e.xeellent and no history 
suggestive of a vulnerable peripheral nervou.s system was elicited. A cholecystec- 
tomy was done under nitrous o.xide and oxygen induction and other anesthe.sia. The 
patient was in the supine position with tlio gall bladder lift in the lower thoracic 
region. Because the patient was tliin and the arms resting on the table interfered 
with the position of the gallbladder lift, tliey were placed in abduction and hyper- 
extension behind her head (Pig. 4, B). The procedure lasted two hours and iorty 
minutes The patient’s recovery was uneventful except for paralysis of the brachial 
plexus complete on the right and partial on the left. Preservation of function in 
Hi long and short flexor muscles of the fingers amounted to 25 per cent and that 
f tl biceps 10 per cent. Sensation was impaired biiateially, but wa.s more evident 
right than on the left. Bilateral Homer’s .syndrome was prc.sent. The 
p were entirely absent except in tho.se muscles partially preserved. There was 
lavicular tendernes.s. X-r.ay examination of the cervical spine showed no 
no “ Eetum of sensory function was first noted fen days after operation 

abnorma i ros. ^ months. Befurn of motor function appeared first on the 

and was norn . operation and was complete four months later, 

left during >b noted on the right one month after oiierafion 

Eeturn of months later except for the lo.is of e.xtension of the thumb. 

. . e „],oiee for the arms is that of flexion over the eJie.st. 
The position plexus, radial or uinar nerves would then be 

pamage to t le ^ position, however, the clhotvs may he in prnx- 
impossible. Et g„c] furthermore, .should an infusion he- 

imity to 'g flifficiflty might be encountered in obtaining a 

eoni'e necessary, seme 
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suitable vein. Consequently, at the University of Cahtoinia Hospital 
the arms are strapped to tlie side of the table, nith the elbow veil 
padded to prevent compression of the nlnar nerve. 

Case 2. — M. tV., 31 jear« of age, entered tlic hospital for the corieetion of ret 
roiersion of the uterus and pchic adhesion',. With tlie u'le of nitiou= OMdo and 
ether anesthesia, dilatation, curettage, Webster suspension of the iiteius, and left 
salpingo oophoreetoniy were done. The opeiation lasted tno hours and fifty hie 
minutes and the Trendelenburg position was used part of the time. The postopera 
tire course was uneventful e\cept for numbness of the left arm and pain and 
weahness of the left shoulder. Tlie cords foimcd by the fifth and sixth eenicai 
roots were the only nencs imolved. The paialjsis was not complete and hente the 
reflexes were present. Local examination of the shoulder suggested a tear of the 
capsule of the joint. X-ray examination of the shoulder and cen leal spine showed 
no abnormalities Kecoxery was eomplctc in nine months 

With the wrists strapped to the sides of tlie table, a sudden change 
to the Trendelenburg position without piopcr adjustment of tlie shoulder 
braces had resulted in partial suspension of the body by the arm (Fig 
2, U). Since no muscular resistance was present, the tension was ti-ans- 
mitted to the fascia and neurovascular .structures with resulting injury 
to the upper I'oots. The mechanism was that of direct stretch over the 
first rib. This patient exemplifies the necessity of proper adjustment 
of the shoulder braces liefore the Trendelenburg position is assumed 

Case 3. — H C., 22 years of age, cnteied the hospital because of an abscess of 
the left upper lobe of the lung and chioiiic oiiipjema on the left With the use of 
nitrous oxide and oxxgen anesthesia, a paitial lesection of the fifth and sixth ribs 
was done. The operation was completed in two horns and thirtj minutes The 
patient lay on Ins side with the opposite aim in marhed abduction and inteinal 
rotation (Fig. 3). This position (the patient Ijmg on his side) max cause lateial 
displacement of the ceivical spine and the maiked abduction of the arm causes 
stretching of the entire plexus The lateral deviation of the head accounts for the 
preponderance of stress on the uppei cords Immediatelx upon awakening, the 
patient was found to haxe an incomplete paralxsis of the brachial plexus with min 
imal sensory changes The entne plexus was imolxed, but the paralysis of the 
upper roots, naraelx the fifth and sixth was complete Tlieio was no supiaclaxiculai 
tenderness or ecchjniosis Homer’s sjndrome was not present Ko x rax examina 
tions xvere made, but there xxere no findings suggestixe of cerxical rib Return of 
function xxas first noted on the sexenteentli dax after operation and was complete 
sex on months later. 

Case 4 — G. E, 35 xears of age, had infectious arthritis of the right hip, with 
ankylosis. An arthroplastx of the right hip was done under avertin in anulene 
hydrate, and nitrous oxide and oxxgen anesthesia The dmation of the operation 
xxas three hours and fiftj minutes Hei position was similar to that described in 
Case 3 (Fig. 4, B) Upon awakening she noted a partial paralxsis of the brachial 
plexus inxolxing chieflx the upper two roots Hx peresthesia xxas present oxer the 
distribution of the fifth and sixth roots Xo abnormalities were noted in the x r.ix 
examinations of the shoulder and terxical spine Within six weeks, sensation was 
normal and motor power was letiirning lajudlj , six months later no evidence of 
injury remained 

CxSF 5 — C S, OT xears of ago, entered the hospital for repair of a recto»igmoid 
stricture With the use of ether .inesthesia a Heineke Jlikiiher opcr.ition requiring 
four hours’ time was performed. Puiing the procedure a xeiioclxsis x\ns gnen into 
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the nglit urm wlnlc the patient was in the Trendelenburg position. Immediately 
after operation she ivas unable to move her arm. Sensation was unchanged, al- 
though at times .she complained of pain in the region of the shoulder. Horner’s 
.syndrome was present. No cervical ribs wore found. Supraclavicular tenderness 
was present, beginning on the third day. ’Within twelve hours a return of muscular 
power was noted and in forty-eight hours function was observed in all muscle groups 
except those innervated by file fifth and sixth cervical segments. By the thirteenth 
day after operation, power was present in all muscle groups except the deltoid 
ivliicJ; showed no evidences of return of function for one month. Pain persisted 
in the shoulder and was present even eleven months later, at which time there was 
atrophy and woahness of tlie deltoid and biceps muscles, though return of function 
was almost complete. 



Fig 5 .— Position commonly employed for thoracic procedures, which resulted in Injury. 


g_ jd. K.j 26 years of age, was admitted for a hysterectomy which was 

done under ether anesthesia. A venoclysis was given into tlic left arm while the 
Pent was in the Trendelenburg position. Upon awakening, she complained of 
'bn ss and inability to use the left arm. All muscles were paralysed except for 
r cent function of the flexors and extensors of the fingers. There was hypes- 
fifth, si.xth, and seventh cervical roofs and hyperesthesia of the 
thesia ot thoracic segments. N’o Horner’s sj-ndrome was present 

eighth evidence of cervical ribs. The muscular power returned rapidly 

and there -Mitli day after operation the biceps and coracobrochialis were the 

so that by regained full function. Sen.sation improved rapidly and 

only muscles '< operation. Becovery was complete in two montlis. 

was normal ten dajs ai.c 

S 51 years of age, was admitted to tlie lioi-pifal u-ith chronic 
CASE 7. gjg a)i,j probable stones in the common duct. Under ether 

itis, .,,,.1 exploration of the common duct were done, the 

cholecystectom) anu^^-i ^ 


cholecystitis, 

nuesthcsiO-: 


nd onedialf hours. An intravenous infusion wns given into 
operation *'^?,,p’^oatient was in the Trcndelcnlmrg position. Immcdiafcly 

trnl her arm and stated that her hand was 


the left arm 


unon awakening she was • operation nt which time no 

iirtill asleep.” ^ Itecfablc. There was no paraly.si.s but a weakne-s of all 
sensory 
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muscles was present, the biceps anti flexors of the fingers being most affected. On 
the twelfth day after operation muscular power had returned except in the biceps; 
this was normal when the patient was examined six weeks after operation. 

Case 8. — ^E. B., 53 years of age, was admitted to the hospital for the treatment 
of a rectal neoplasm. A combined abdominoperineal resection of the lesion was 
done. A blood transfusion was given into the right arm while the patient was in 
the Trendelenburg position. AVlmn the arm was being brought out in abduction, 
a clicking sound was heard in the region of the shoulder joint. Immediately after 
operation, the patient was unable to flex the forearm and the entire arm was numb. 
Ifo paralysis of the hand and forearm could be made out. X-ray examinations of 
the shoulder and cervical spine showed no abnormalities. There was a gradual 
return of function, so that nine months after operation recovery was almost complete. 

Cases 5, 6, 7, and 8 illustrate the most common mechanism of injury 
(Fig. 3, B). The shoulders are depressed and held in that position by 
the shoulder braces. With abduction of the arm, the entire plexus is 
put on stretch. The nerves arch over the first rib. pass under the 
clavicle, which is depressed into the retroclavicular space, as well as 
under the tendon of the peetoralis minor muscle, and finally around the 
head of the humeiTts. When the shoulder is held down by shoulder 
braces, the upper segments of the plexus will be more vulnerable, while 
if the shoulder is allowed to move upward, the lower segments will be 
more affected. 

Case 9. — An obese woman entered the hospital for a pelvic operation which wa.s 
done with the patient in the Trendelenburg position. The shoulder braces, semi- 
circular in pattern, were incompletely padded. Injury to the brachial plexus was 
the result of direct pressure of the brace which became interposed between the 
clavicle and the first rib. 

Baldtrin^* reported three similar cases and nroposed the use of the 
“Felter yoke.” Shoulder braces must be well padded, adjustable in 
tridth as well as in height, and of sufficient depth in order to prevent 
the occurrence of such injuries. 


sriniARY 

1. Nine cases of paralysis of the brachial plexus occurring in anes- 
thetized patients while on the operating table are reported. 

2. Unusual positions associated with complete relaxation result in 
abnormal tension on, and stretch of, the brachial plexus. The anatomic 
factors involved are shown to be lateral deviation and hA'pei-extension of 
the head, the first rib, the clavicle, the arch formed by the coracoid 
process of the scapula and the tendon of the peetoralis minor muscle 
and the axillaiy prominence of the head of the humerus. 

3. Certain fundamental principles are emphasized. 

a. With the patient in the Trendelenburg position and the .shoulder 
depressed, the arm should bo left at the patient 's side 

b. When the arm is abducted, the head and neck must be held in 
neutral position or adducted. 

e. The arm should never be abducted beyond ninetv de-rees under 
any circumstances. ' 
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cl. TJic Dvim; must not he abducted and extended above tlie bead 
wheji llio i)atjent is in the supine or the prone position. 

e. Slionlder braces must he adjusted before the Trendelenburg 
position i.s a.>isumed; they should he well padded and adjustable 
in heigbl as cvell as in u-idtb. 

f. Wide separation of the head and shoulders must be avoided. 

g. Jlovoinent of an anesthetized patient must he attended by ade- 
quate ijorsonnel. 

4. Tlie possibilil.r of this mifortunate complication must be kept in 
mind by ever.v member of the operating room staff. 
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PLATYBASIA 

A Report of a Case Treated Surgically With Ijiprovemext 
Robert H. Stevexs, ]M.D.,^ Bostox, SIass. 

(From ihe N'eiirosurgical Service of Dr. E. Glen Spurling, Norton Memorial 
Infirmary, Louisville, Ky.) 

PLATYBASIA (basilar impression), a rare disease entity even in 

the special field of neurology, has been slow both of general appre- 
ciation and of early recognition. Clinically, this condition is the result 
of the mechanical and neurological changes produced by a bulging up- 
ward of the bony structures about the foramen magnum, as if the bones 
of the skull in this region were softened and the skull -were pushed 
do\ra on an unyielding cervical spine. A diagnosis of multiple sclerosis, 
syringomyelia, or one of the various types of spastic paralysis, has 
often been made. Correct diagnosis in the early stages can probably 
never be made without the aid of roentgenograms. The present tendency, 
therefore, to x-ray all eases considered to be multiple sclerosis for a 
possible platybasia is a practice which should be encouraged. 

History . — According to Ebenius,'* the fii-st description of platybasia 
was by Rokitanslrj’ in 1844, although DeYet^ mentions a ease described 
in the late eighteenth centuiy. Boogard in 1865,^ and Virchow in 1877' 
made detailed clinical studies of the condition, but to Schuller® goes 
the credit for the first clinical diagnosis by x-ray, in 1911. Platybasia 
was first brought to the attention of American neurologists bj’- Cham- 
berlain in 1939,- when he reported four cases at the Harvey Cushing 
Seventieth Birthday Celebration. 

Etiology . — The etiology of platybasia, though still obscure, is probably 
an anomalous development of the basiocciput, and also, frequently, the 
upper cendeal spine. The fact that most cases have an associated partial 
fusion of the spines of the upper cervical vertebrae gives credulence 
to this theory. Virchow'" considered rickets, cretinism, hydrocephalus, 
idiopathic and puerperal osteomalacia, and senile atrophy as having only 
incidental etiologie significance. List® believes that not much proof has 
been offered to support the incrimination of rickets, Paget’s disease, 
or osteomalacia. Trauma, due to repeatedly carrying hea’iy burdens 
on the head, is thought significant by Schuller,® who states that the 
condition is seen more often in countries w'here this is the practice. 
Weight -bearing or acute trauma has initiated symptoms or caused 
exacerbations of symptoms in a number of reported cases including our 
own. 

Diagnosis . — The x-ray is the only certain means of diagnosis in all 
but far advanced cases, Chamberlain" has proposed the following em- 
pirical criterion for diagnosis; A line is drawn on a lateral x-ray film 
of the skull, from the posterior end of the hard palate to the dorsal 

•Captain, Medical Corps Reserve. A. U- S. 

Recei\ed for publication, Feb. 3, 1942, 
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d. Tlic ai'ins must not be abducted and extended above the head 
when the patient is in the supine or the prone position. 

e. Shoulder braces must be adjusted before tiie Trendelenburg 
posilioji i.s a.ssumcd; they should be well padded and adjustable 
in hoiglit as well as in width. 

f. Wide .separation of the head and shoulders must he avoided, 
Jlovojucnt of an anesthetized patient must he attended by ade- 
quate personnel. 

4. The pos.sibility of tliis unfortunate complication must be kept in 
niind l)y every member of the opci*ating room staff. 
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margin of the foramen magnum (Fig. 1). If any of the cervical 
vertebral elements fall above this line, some degree of platybasia 
exists. 

Chamberlain now considers the presence of an anomalous fusion, 
or failure of segmentation, at the level of the first cervical vertebi’a 
and the occipital segments of the spinal axis (the segments that go to 
make up the parts of the occipital bone which form the foramen 
magnum) necessary for the diagnosis of the type of platj'basia which 
produces neurologic signs and symptoms.* The ease presented in this 
paper does not show these anomalies and this viewpoint would, there- 
fore, seem open to question. 

A second method is determination of the basal angle, formed by the 
plane of the clivus and the sphenoidal plane, which runs through the 
root of the nose and the center of the sella turcica. The extreme limits 
of the normal range are 110° and 150° as given in the literature. 

The neurologic picture of platybasia is partly produced by bony 
encroachment on the cerebellum within the posterior fossa, due to the 
upward bulging of the base of the skull. There is also probably some 
angidation or altered relations of the cerebellar peduncles, and this 
maj^ be a factor in the production of cerebellar signs. Most of the 
medullary sjuirptoms are the result of a sharp backward tilting of the 
axis and atlas, with pressure on the cord by the odontoid process, as 
the anterior u-eight-beariug portions of these vertebrae push farther 
into the cranial cavitj' than do the posteriorly placed laminae. The 
clivus is markedly elevated and presses on the pons. These altered 
relationships all contribute to impairment of posterior cranial and 
upper spinal neiwes. 

Because of the varied clinical picture which this condtion may present, 
It is helpful to divide the signs and symptoms into the following groups : 

(1) Cerebellar: Nj'stagmus, atonia, clumsiness of the hands, stag- 
gering, and unsteadj' gait. 

(2) Mednllarij and pontine: Pyramidal tract symptoms (increased 
deep reflexes, clonus, absent abdominal reflexes, abnormal plantar i-e- 
sponses, and spasticity) and lateral spinothalamic tract impairment 
(dissociated sensory pain loss). 

Tingling, pain, numbness, and weakness of the spastic type maj' all 
he produced aeutcl}' and often transiently by straining, sudden effort, 
or trauma. 

(3) Cranial nerve: Palsies of the posterior group of nerves and 
those about the peti’ous ridges. 

(4) Increased intracranial pressiwe; Headache, vomiting, choked 
discs, and blurred vision, from obstruction to cerebrospinal fluid circu- 
lation in the posterior fossa. 

(5) Upper cervical peripheral nerves: Loss of sensibility in the cor- 
responding dermatomes. 

•Personal communication to Dr. R. Glen Spurlin??. 
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Table I — Coxt’d 


AUTHOR 

AXD 

CASE 

XUMBER 

PA- 

TIENT 

AGE 

DURA- 

TION 

OF 

SYMP- 

TOMS 

SYNDROME 

OPERATION 

RESULTS 

VII 

24 

2 yr. 

Cerebello- 

medullary 

syndrome 

Feb. 7. 1939: Funnel- 
shaped extension of 
occipital bone found 
over cervical dura ; 
Arnold-Chiari mal- 
formation. Subocci- 
pital decompression, 
extensive removal 

posterior rim of 
foramen magnum, 

and laminectomy of 
C 2 and 3 (C i a.s- 
similated into occi- 
put) ; dura incised 

Stormy postopera- 
tive course with 
clots removed 
twice; improved 

iValsh, 

Camp, 

and 

Craigs 

4G 

22 mo. 

Cerebello- 

medullary 

sjTidrome 

November, 1940: Arch 
of atlas absent, C 2 
and 3 fused, lami- 
nectomy C 2 and 3, 
posterior rim of 
foramen magnum re- 
moved, dura opened, 
herniated cerebellar 
tonsil found : adhe- 
sions present between 
meninges, cerebel- 

lum and pons freed 

Marked improve- 
ment; six months 
later patient felt 
normal except 
slight weakness 
of left face and 
tongue 

tsievens 

I 

52 

29 yr. 

Cerebello- 
medullary 
syndrome 
with neck 
.sjTuptoms 
and upper 
cervical sen- 
sory loss 

July 28, 1941: Sub- 
occipital decompres- 
sion, with laminec- 
tomy C 1, 2, and .3 

Subjective im- 

provement from 
first day; regres- 
sion of neurologic 
signs continued 
3% mo. later. 
Patient back at 
work 


(6) Non-neurologic symptoms: Neck pain, neck rigidity, torticollis, 
shortening of the neck, and feeling of weight and pressure in the neck. 

From a consideration of these groups of symptoms, it will be seen that 
early cases, without increased intracranial pressui’e, and without suffi- 
cient bony change to alter the appearance of tlie neck, can closely 
simulate multiple sclerosis. Both conditions are usually manifested 
chiefly bj' cerebellar, cranial nerve, spastic and sensory signs. More- 
over, the essence of the diagnosis of multiple sclerosis, i.e., remission 
of signs and symptoms, also oecui’S with platybasia. The mechanism of 
these remissions can only be surmised. 

Therapy . — The resemblance to each other of early platybasia and 
multiple sclerosis is of major importance when one realizes that active 
therapy, always the prime consideration from the patient’s point of 
view, is of doubtful value in multiple sclerosis and of definite, though 
possibly not permanent, value in platybasia. This therapy, undertaken 
in only eight previou-sly reported cases, consists of removing the bone 
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(3) Cerebrum : Xegativo. 

(4) Cerebellum ; Definite swaying on standing with, feet together, with a seem- 
ing tendency to fall to the right. 'Well-sustained nystagmus on looking to the 
right; none on looking to the left. Questionable dysarthria. Some dysmetria in 
the right arm with riglit adiadokokinesis. 

(5) Sensory: Distinct loss of sense of position in both legs. 

(S) Reflexes; Abdominals markedly diministed bilaterally. Scrofals sluggish. 
Deep reflexes equal and active. Plantars and eonfirmatories negative. 

(1'} Lumbar Puncture revealed initial pressure of 150 mm. of water; negative 
Queckenstedt; Wassermann and colloidal gold curve negative; cell count 2 per c.c. 

A four months’ trial on quinine-hydrochloride gave no symptomatic relief. 

On Dec. IS, 1937, the patient exhibited spontaneous nystagmus on forward gaze, 
C-Xaggerated on gaze to the right, and to a lesser degree on left and upward gaze, 
with some rotary component. He had constant diplopia with displacement chiefly 
vertical, but no obvious squint. 

Calorie tests proved difficult to interpret (arrest of nystagmus when either ear 
was irrigated with GO c.c. of cold water, but no dizziness was produced). 

The patient walked on a broad base, and could walk tandem for only one or 
two steps before falling to one side, more often to the left. He was quite awk- 
ward at making turns while walking. Ko dysdiadokokinesis. Eeflexes in the arms 
and legs were normal. 


On Harch 9, 1939, no change.s were noted. 

^•ray examination of the skull made in July, 19-11, showed the base of the skull 
to be definitely scaphoid in contour and the entire body of the first cervical verte- 
na and more than one-half of the second to lie above “Chamberlain’s line.” These 
changes were considered to be characteristic of platybasia. An axial view showed 
nothing unusual in the appearance of the foramen magnum. 

The patient wa.s admitted to the Xorton 'Memorial Infirmary on July 22, 1941, 
ond the neurologic examination showed the following positive findings: 

(1) The patient held Iris head slightly to the right. Erqierextension of the neck 
was painful. There was no suboccipital tenderness. 

(3) Cranial N'erves: Fields and fundi were negative. Xystagmus on right, 

t, and upward gaze. There was diplopia on gaze in all directions, although 
ere Tyas jjg obvious strabismus. The patient wore a patch over his right eye, 
ce mg that this eye had more nystagmus than the left when used alone. The 
other cranial nerves were negative. 

(3) Cerebellum : There was a suggestion of hypotoma in aU the extremities, 
ebound phenomenon was present in both arms. There was a mild cerebellar 
wtaxia in the patient’s gait, with a tendency to lurch to the right. Finger-to-nose 
Jiud heel-knee-tibia tests were not ataxic. There was no adiadokokinesis. 


(4) Motor : Xegative. 

(5) Sensory: There was hypesthesia over the second and third cervical derma- 
omps bilaterally except the “chin-strap” portion, where overlap probably renders 

loss imperceptible. 

(B) Seftexes: Abdominal reflexes on the right were diminished. Cremasteric 
mflex on the right was not obtained. Other deep and superficial reflexes had a 
"ormal threshold and were equal bilaterally. There was no clonus, Hoffman re- 
pon.se, or abnormal plantar responses. 

Operation. — Tlie operation was performed, July 2S, 1941, under procaine in- 
j vration anesthesia, with preliminary medication of nembutal, dilaudid, and 
‘.'o.scine. The bone about the posterior rim of the foramen magnum was rongeured 
'“'ay und the laminae of the atlas and the axis wore removed. Xo anomalies of 
“se structures were noted. Tho dural sac was somewhat angulated as it di.^ap- 
Poared beneath tho lamina of the third cervical vertebra. Therefore, this lamina 
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from about tlie posterior rim of tlie foramen magnum and peifomiug 
a laminectomy on tlie xipjjer tivo or three cervical vertebrae This 
bone removal, not in any way curative, relieves to a great extent the 
pi’essure on the cerebellum and posterior cranial nerves, and the an- 
gulation and constriction of the medulla at the foramen magnum As 
DeVet^ brings out, the hone so removed normally has no weight-bearing 
function, but with the altered relations in platybasia, the posterior arch 
of the atlas and posterior margin of the foiamen magnum may be 
•weight-bearing. If this is the ease, acceleration of tlie progress of the 
disease after operation certainly must be considered a possibility. 

Previously Reported Cases— The reported cases of platybasia wlncli 
have been operated upon fherapeiiticaliy are summarized in Table L 


CASE REPORT 


E tv, aged 52 jears, salesman bj occupation, uas admitted to the neuio 
suigical semce of the Jforton Memonal Infiimaij Julj 27, 1941 and dischaiged 
Aug 11, 1941. 

In 1912, at the age of 23 jears, the patient, vJiile plajing fool'ball, forcefidh 
stiuck the top of Ills head and experienced a niomentaiy «liarp shooting pain in 
the right ulnar region It was not liKe that expeiienced iilien one stakes the uhiar 
neive at the elbow 

In 1922, at the age of 33, for about a montli, be experienced aclung and tingling 
pam in the right hand, ami, shoulder, and uppei thoiacic spine'- The paiu m in'- 
arm and hand was just like that expeiienced in the football game in 1912 The 
ulnai region, beside being painful, was numb Tins pam and numbness recuired 
appioximateh eierj two jeais until 1934, and was present at the time of hospital 
laation in 1941. 

He lias been impotent since about 1922, but has neici had am sphincter dis 


turbance 

Eroni about 1926 until the present time, he has had double iision, especiallj on 
looking to the right. On Juh 1, 1929, Ins loice became leij iiiiski For a jeir 
this recurred every morning after about thnfj minutes of talking to customers, and 
would continue for the rest of the daj Duinig tins period he had a frequent 
“dry cough” associated with eating The hudvincss decreased in frequencj until 
1935 when it ceased, but the “drj cough” persisted VVIien first seen m 1936, he 
stated that he had had some djsphasia hut did not recall this when qiiMioncil 


Since about 1930, the patient has noticed that hjpcrcxtcnsion of Ins head was 
ainful His head has been sbghtlj tilted to the right while at rest for the pist 
fifteen or twenty jears, he bclieics His whole =pinc liis ailicd to some degree for 
" = Since approximntelj 1931, hm gait has hcen drunk, ii in .hirutir ,md Ik 

lids to’ fall to the right His left leg was “sleepj ” for a while in 1930. and 
teUQb , _ ■,[)•}•} Since 3932, he has had tinnitus and deafness m the right 

"“at*.™ “> -rn- , „ 

%he first neurologic examination on Mm 23, 19-t., roieale.l the following po-i 

five findings. tenderness on the right 

(J) Seme su of each di«c sPows .atropln III, IV, VI, well 

the right; none on JooKinpr to the left >o 

sustained tiystagm® 99 external rectus and right superior ol.li pif 

lotarj motions per cent loss of hearing in the right car; fori is 

muscles Till, Tve . 
lateralized to the left- 
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a diagnosis of multiple sclerosis (or syringomyelia, or any other ill- 
defined degenerative spinal cord disease) should be contacted and 
investigated for the possibility of platybasia. 

The advisability of incising the dura at operation is not agreed upon. 
Some authors believe that it should be opened in evei’y case to search 
for anomalies of the nervous structures which might be amenable to 
surgical therapy. There was no reason to consider seriously the e.x- 
istence of an Arnold-Chiari malfoi’mation in this case, as the contour 
of the dural sae was not abnormal, and the cisterna magna was filled 
vlth fluid. The dura was therefore left closed and the iiervous struc- 
tures were thus disturbed as little as possible. The smooth convales- 
cence and continued improvement seem to have justified tliis course of 
action in this instance. 

SUMMARY 

In platybasia the base of the skull about the foramen magnum ap- 
peal's to give way to the forces of gravity, and the unyielding cervical 
spine invaginates up into the posterior fossa. Pathology is manifested 
by interference with cerebellar, medullary, cranial nerve, and upper 
cervical nerve function. Increased intracranial pressure and various 
symptoms and signs referable to posture and movement of the neck are 
often present. The etiology, though still unsettled, is probably an 
anomalous development of the bony structures in the region affected. 
Platybasia, in its early stages, frequently produces a picture almost 
identical clinically to multiple selei'osis, even to tlie occurrence of re- 
missions. X-ray pictures of the skull are necessary for diagnosis of all 
but far-advanced eases. Surgical therapy has been previously tx'ied in 
eight reported cases. A ninth case with postoperative improvement 
is here described in detail. 
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also was removed. A small nick was made in the dura over the cisterna niagna to 
determine whetlier or not it was obliterated. It was found to be full of fluid, and 
so the small hole was closed by placing a muscle stamp over it. 

Postoperative Conrse. — On the tiiird postoperative day the patient stated tiiat 
his head, throat, and whole body had lost the feeling of “tension” wliich was 
present preoperatively. He could cough more easily and his “dry cough” feeling 
had gone. His body felt "livened up.” He had practically lost the numbness in 
the right ulnar region. 

One very interesting bit of historj- was elicited postoperatively. The patient 
stated that almost invariably upon arising in the morning he would have to “force 
his breathing" for about one-halt hour. He was conscious of interference with 
the free automaticity of respiration. His sister, with whom he makes his home, 
described how she had noticed him taking frequent big deep breaths. This sj-nip- 
tom disappeared entirely after the operation. 

There was no change in the diplopia. 

On the tenth postoperative day the patient stated that e.xtension of lii.s iiead 
was much freer and easier. In general, he felt optimistic and pleased with his 
condition. The neurologic examination however, was essentially unchanged when 
he was discharged on the fourteenth postoperative day. The following is a quota- 
tion from a letter received from the patient on Aug. 22, 1941, three and one-half 
weeks after operation: “I have been baek home a week now and am still feeling 
flue and gradually picking up a little pep. I can’t appreciate too much what you 
did for me and it looks now like it is not just a dream.” 

IVhen seen on Nov. 13, 1941, fifteen weeks postoperatively, his status was im- 
proved. Diplopia was unclianged, but the nystagmus was less pronounced. He 
moved Ids head freely, his coordination was good, and his gait, though ho still 
walked with a broad base, was improving. He has returned to work. 

Comment . — In the ease lierein reported, trauma was the original 
precipitating factor, as has been noted by other observers. The extent 
of the role of trauma cannot he fully determined, but it probably acts 
in conjunction with a pre-existing condition to precipitate the .syn- 
drome or to cause an exacerbation of symptoms. 

The remission of symptoms, which makes tliis disease so easily con- 
fused with multiple sclerosis, is well dcmonsti’ated here. Tlic transient 
“Imskiness” beginning after thirty minutes of talking every morning 
and lasting the rest of tjie day continued from 1929 to 1935. TJierc was 
also some dysphagia during the same period. TJie hiislcinc.ss and dys- 
bqoia may well have represented daily transient impairment of the 
o-'is nerve after the patient had been in the ereet po.silion for a 
ient leimth of time each morning to allow the changed fitrcssvs 

^ niter relations in the crowded and already .strained 

of gi’avn.i 10 

a long .survival (twenty-nine years) with apprecia- 
platybasia is demonstrated. This is a intieh longer 
„ fhose obtained in the other reported treated ea.ses, possibly 
history tnai ■^vilh the clinical pieliire of multiple .sclerosis 

becai^se most pfl observation of a pliysieian once they have 

do not contnuie n ^j^goo-s-is and the ineflVetivi-ne.ss of therapy, 

been reconciled ” overy pnfienf who has been dismissed with 

Xf this surmise is 


posterior fossa. 

The possibilit.T 
ble symptoms from 
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and 3,000 units of tetanus antito\m. Blood transfusions ivere started. Within an 
hour the patient’s general condition improved somewhat as oMdenced by a rise in 
blood pressure to 100/60 and a fall in pulse rate to 120. 

Under ether anesthesia the abdominal i\ound was reopened and explored. The 
tangential stab wound had perforated the abdominal cavity and lacerated the 
splenic flexure of the transverse colon. A profuse hemorrhagic exudate escaped 
from the peritoneal cavity. The splenic flexure of the transverse colon was mo 
bilized and the bowel exteriorized in the wound and covered ovei vnth gauze. A 
longitudinal incision was made from the groin to the nipple through the middle 
of the original laceration. The skin and subcutaneous flaps of this cruciate ex- 
posure were reflected back. The muscular bellies of the external and internal 



ohhque muscles were crepitant and discolored. These muscles were completely 
excised from the lumbar aponeurosis to the lectus sheath, and from the groin to 
the level of the fifth rib. The inferior half of the pectorahs major had to be 
sacrificed in order to completely rcmov e the underlying attachments of the oblique 
muscles. The crepitant transv eisalis muscle was in reality a fibromuscular sheet 
witli very little muscle tissue and was therefore left in place. No attempt was 
made to expose all areas with obvious crepitus and the scrotum was not opened. 
This wound was dressed with zinc peroxide and the skin flaps allowed to fall in 
place. After a complete scrub and change of instruments, the upper right abdo 
men was entered tlirough a transv eise incision. A loop of transverse colon was 



PEESERVATION OP THE TEANSVEESALIS MUSCLE 
IN GAS GANGRENE OP THE TRUNK 

Champ Lyons, M.D., Boston, Mass. 

(From ihe ilassaclmsetts Genetnl Hospital) 

^ 1 'HE importance of infection of muscular tissue in fatal gas gangrene 
1 was emphasized in World War Qvist= differentiates the anaerobic 
cellulitis of noinnuscular tissues from the true gas gangrene with 
clinical toxemia produced bj^ clostridial infection of muscular tissue. 
Multiple incisions are effective in the control of anaerobic cellulitis 
but complete excision of the infected muscle or muscle group is neces- 
sary for the control of true gas gangrene. A recent review of gas 
gangrene of the abdominal ivalU fails to distinguish between anaerobic 
cellulitis and gas gangrene with muscular infection. It is believed 
that such a distinction is essential to any plaJi of treatment and that 
conservative measures are to be reserved for the management of ana- 
erobic cellulitis. 

True gas gangrene of the abdominal wall or trunk constitutes a 
surgical problem in that excision of the external and internal obliQue 
and transversalis muscles destroys the integrity of tlie abdominal wall. 
In the following instance of gas infection of these lateral muscles the 
truly muscular external and internal oblique muscles were completely 
removed, but the hifeeted transversalis mmscle was left in situ because 
it was more fibrous than muscular and pj-ovided adequate support for 
the abdominal contents. 

CA.se KEPOKT 


M. 6. H. (Hospital No. SCgiitS), male, aged 31 lears, a as seen on the cicmiig 
of Aug. 8, 19f0. The patient had suffered a stall wound of the abdomen tucn(> 
hours previousl.v. Pain in the abdominal wound developed twoha hours utter 
injurj- and crepitus was first noted eigliteen hoiiis .ifter injury. 

Upon e-\aniiiiation the patient uas moaning with pain, co\eied uith porspira 
f ! and in e\tiomitics. The blood pressure uiis 

fiS/lVwith a thready pulse of 150. The tomperaturo uas 103“ 1'. by reetum 
‘tus vas demonstrable fiom the gioin to the mppie, from the .spine to (he 
•W of the abdomen, and the scrotum uas distended with gas and diseoJored 
midline \ g,^trai asation. There uas a lemon jellou icteric tint to the 

by a he ^ound uas a transserse laceration of the left iijiper abdo 

shin and se era j],g p;,r(]y separated uound edges there uas 

men, about en possessed of a slightly putrid odor, 

protruding S' arg , 1 ^.^. „,„t,„iiince to the .Ifassaehusclts (iciicrnl Hospital. 

The patient uas (iircctle to an operating' room. An intrasenoiis iiifiisiini 

Upon entry he uas a p„tie,it recened intravenniisli 0 dm. of 

of saline solution ‘ Mal» of pohwilent gas gangrene iintitoxni,* 
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guinea pigs against intramuscular infection with the strain, (c) Growth 
in human serum (Nagler*) and in egg yolk (SlacFai'lane®) produced 
opalescence and separation of the lipid element. This reaction was 
inhibited by specific antitoxin. 

Cultural Characteristics. — (a) Morphology: nonmotile, Gram-positive 
bacillus with no visualized spores; (b) iron milk: stormy fermentation 
vith no blackening; (c) lead acetate and Wilson-Blair plate: blacken- 
ing; (d) nitrite: positive; (e) indole: negative; (f) iron gelatin: 
blackened and liquefied; (g) production of acrolein aldehyd from gtyc- 
enn: positive; (h) A'iolet: negative; (i) sugars fermented: sucrose, 
lactose, maltose, and dextrose; (j) sugars not fermented: mannite and 
saliein. 

Shidies Upon the Patient’s Serum (Nngler Feaction ). — At no time Avas 
It possible to demonstrate a sufficient excess of antitoxin in the pa- 
tient’s serum to inhibit the opale.seent change as a consequence of 
grmrth of the Cl. perfriiigens in the seium. 

COMMENT 

A patient Avas successfully treated for gas bacillus infection of the 
abdominal Avail and peritoneal cavity and true clinical toxemia follow- 
ing a stab Avound of the colon. The etiologic organism possessed all the 
cultural attributes of the Cl. perfringens and Avas toxigenic. 

Treatment consisted of local excision of deAutalized tissue, defunc- 
tioning colostomy, zinc peroxide locally to the Avound, sulfapyridine 
systemieally, and antitoxin parenterally. 

It is belicAmd that the decision to remoA’-e the external and internal 
oblique muscles and to leave the transversalis muscle contributed to 
the successful ovrteome. The transversalis muscle is in reality a thin 
and fibromuseular structure in many individuals. Since true clinical 
toxemia is so often dependent upon infection of the muscle A\dth gas 
bacilli^ it Avould not seem necessary to excise a predominantly fibrous 
structure. The thinness of the tranversalis muscle increases the pos- 
sibility of sucee.ssful local ti'eatment Avhen the entire striActure is ex- 
posed. Hence, it seems reasonable to recommend leaving the trans- 
versalis muscle to support the abdominal contents Avhen faced Avith the 
problem of gas gangrene of the trunk. 

The established gas bacillus peritonitis Avas promptly controlled by 
the exteriorization of the lacerated colon and proximal defunctioning 
colostomy. This is in accord Avith the established principle that fatal 
peritonitis from intestinal bacteria is associated Avith a continued fecal 
contamination from a faulty suture line or intestinal Avound, 

The administration of 140,000 units of perfringezis antitoxin intraAm- 
nously did not establish a sufficient cii'culating excess of antitoxin to 
inhibit the Nagler reaction. The serotherapy of gas infections is seri- 
ously handicapped by lack of data on the required dosage. The Xagler 
reaction offers a method A\-hereby such do.sage may be regulated. 
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drawn up and seveicd with the actual eauteiy between chimps to establish a 
transverse colostomy and to defunction the left colon. At the conclusion of this 
procedure the patient’s pulse was 110 and the blood piessure was 130/SO. He was 
returned to the ward, transfused again, and given oxygen by tlie Boothby mash. 

Postoperatively he received blood, antitoxin, and sulfapyridine as indicated in 
Fig. 1. The fever gradually subsided over a period of two ueehs but was not 
entirely normal until the wound was completely epithelialized with the aid of skin 
giafts two months after entry. The transverse colostomy was closed on Oct IS, 
19i0, and the patient uas discharged shortly thereaf tei. 

When seen one year after dischaige the abdomen appeared as in Fig. 2. Theie 
was a hernia in the area of the extenorized loop of splenic Sexuie of the colon. 
An abdominal coiset was worn to piotect the area of skin giafting as much as 
for the suppoit it affoided. He was back at work as a prison guard and in good 
general health. 



IJ vrTEKIOJ.OClC .STt'DII ^ 

n iinvo. of the wound ami of the peritoneal pii.s uere botli jio.sitiM' 
foBowim’- of'^anisms • (1) Chstridinm pcrfrimicn.s. (2) Eschcr- 
for thefol hcmoiylic slrcptoeoecns, (4) two .strains of non- 

ichia con, w ‘ Orum-nositive spoicforining bacilli (subtilis group), 
pathogenic oeiot ' ‘ pcrfrinqcn.s' inelnded the following: 

0,2 .>™. 

foxigenKify- ^,5a,.iy injeeled guinea pigs in less than eiglileen 

meAhun.kineain"'’ blood was positive for Cl. pcrfihir/on. 

hours. At autopsj specific pcrfringcns anlifo.xin pwleHcd 

(b) Pas-stve uuw«ni/.aB0 



EXTENSWE, aiUTILATING FACIAL DEFECT; COSaiETIC 
COREECTION AYITH LATEX JIASK 


Adolph M. Browx, M.A., M.D., Chicago, III. 

(From the Department of Otology, Dhmology, and Laryngology, the University of 
Illinois College of Medicine) 

O NE of the contraindications for plastic surgeiy as a method to repair 
facial defects is the presence of coexistent disease. Constitutional 
diseases like lupus, leprosy, and sjiihilis, by their devastating and fre- 
quently bizarre destruction, often make plastic surgery, as a method of 
leconstructing missing parts of the body, unwise. The debility which 
accompanies these diseases, as well as the fact that recurrences may often 
be expected, makes it difficult to decide upon surgical reconstructive 
operations for such conditions. 

Yet many patients with facial defects caused by consiunptive diseases 
are so disfigured as to create a distinct problem to cover their defects 
in such a way as to make them sociallj- and esthetieally acceptable. 
Heisei’i mentions the problem of co%mring the hoiTible facial defects in 
indmduals who have leprosy and in whom the disease has been arrested. 
Many of these patients, he states, I’emain in the leper colonies even 
though offered their freedom because thej" are esthetieally unacceptable 
in their normal social environment. 

A case in which extensive destruction of the face has occurred is here 
presented to demonstrate that a large latex compound prosthesis can be 
constructed and adapted to conceal luisightly, even open, lesions. It also 
indicates that a prosthesis of latex may be designed to cover moving 
parts, with comfort and estlietic satisfaction to the patient. 

Bistory. — S. A., aged 29 jears, was referred by tlie department of dermatologj, 
tliw estem University Medical School. His blood Wasserinann and Kahn were 
d+ and he had been treated for seveial jeais with antisi philitic therapj. Destruction 
of the face was extensile, obliterating the features of the entire face below the eies. 
Although seieral areas on what remained of the face bore weeping ulcers, the pa 
tieat’s condition was more or less quiescent, and although he had been taking hi« 
treatments faithfully, he found the treatments did not improve his appearance and 
he W’as desperate for some means to disguise his repulsive face. 

The patient presented himself wearing a bandage eorapletelj coiering his face 
and head with only the ears and exes exposed As he unwound his bandage he warned 
me, saying, “Doctor, my face looks reallj bad ” As illustrated, he exposed a face 
hideously disfigured The nose had completely sunk into the nasal canty, obstructing 
the airway, the cheeks were gone and were represented only bj scar tissue bound 
(town upon the malar bones. The upper and lower bps had disappeared leanng the 
aheolar ridges and anterior teeth exposed. The skin of the chin and lower jaw was 
replaced bj scar fixed to the mandible. The motion of the mandible was almost 
completely limited by the scar tissue and by ankxlosis of the jaw. The lower eyelids 
showed mild symptomless ectropion. S.aliva drooled over the mandible and could only 
be controlled with gauze sponges fixed inside the bandages IMiat remained of 
his skin was too fragile to permit shaving. 

Recehed lor publication, March 11, 1042 
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Sull'apyi’idinc was chosen beeausc it was the available sulfonamide 
of choice in 3040. The zinc peroxide was locally effective against the 
Cl. perfrimjens but did not prevent troublesome secondary wound infec- 
tion with Esch. coll and IKmidomonm aeruginosa (pyocyaneus). 


CON'CI.U.SION'S 

3. In excising infected muscles for gas gangrene of the trunk it was 
practical to leave the more fibrous transversalis muscle as a support 
for the abdominal content.s, 

2. Perfringons antitoxin, 340,000 units, failed to establish a demon- 
.stral)le excess of antitoxin in the serum. 

3. '/Ane i)croxidc was locally effective against the Cl. perfrhigens 
but did not ])revenl secondary wound infection with Esch. coli and 
pyocyaneus, 
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EXTENSn^E, JilUTILATING FACIAL DEFECT; COSMETIC 
COKRECTION AVITH LATEX JIASK 

Adolph M. Browx, M.A., M.D., Chicago, III. 

(From the Department of Otology, JDiinology, and Laryngology, the University of 
Illinois College of Medicine) 

/^NE of the contraindications for plastic surgery as a method to repair 
facial defects is the presence of coexistent disease. Constitutional 
diseases like lupus, leprosy, and sj'philis, by their devastating and fre- 
quentlj- bizai-re destruction, often make plastic surgery, as a method of 
reconstructing missing parts of the body, unwise. The debility which 
accompanies these diseases, as well as the fact that recurrences maj^ often 
he expected, makes it difficult to decide upon surgical reconstructive 
operations for such conditions. 

Yet many patients with facial defects caused by consumptive diseases 
are so disfigured as to create a distinct problem to cover their defects 
>n such a way as to make them socially and estheticaUy acceptable. 
Heiser^ mentions the problem of covering the horrible facial defects in 
individuals who have leprosy and in whom the disease has been arrested. 
JIany of these patients, he states, remain in the leper colonies even 
though offered their freedom because they are estheticaUy unacceptable 
in their normal social environment. 

A case in which extensive destruction of the face has occurred is here 
presented to demonstrate that a large latex compound prosthesis can be 
constructed and adapted to conceal unsightly, even open, lesions. It also 
indicates that a prosthesis of latex may be designed to cover moving 
parts, with comfort and esthetic satisfaction to the patient. 

History. — S. A., aged 29 years, was referred by the department of dermatologj-, 
Jforthwestem University Medical School. His blood Wassermann and Kahn were 
4+ and he had been treated for several j’ears with antisyphilitic tlierapy. Destruction 
of the face was extensive, obliterating the features of the entire face below the eyes. 
Although several areas on what remained of the face bore weeping ulcers, the pa- 
tient’s condition was more or less quiescent, and although he had been taking his 
treatments faithfully, he found the treatments did not improve his appearance and 
he was desperate for some means to disguise his repulsive face. 

The patient presented himself n'caring a bandage completely covering his face 
and head with only the ears and eyes exposed. As he unwound his bandage he warned 
me, saying, “Doctor, my face looks really bad.’’ As illustrated, he exposed a face 
hideously disfigured. The nose had completely sunk into the nasal cavity, obstructing 
the airwaj-, the cheeks were gone and were represented only by scar tissue bound 
down upon the malar bones. The upper and lower lips had disappeared leaving the 
alveolar ridges and anterior teeth exposed. The skin of the chin and lower jaw was 
replaced by scar fixed to the mandible. The motion of the mandible was almost 
completely limited by the sear tissue and b 3 ’ ank.vlosis of the jaw. The lower e.velids 
showed mild sj-mptonUess ectropion. Saliva drooled over the mandible and could onl.v 
be controlled with gauze sponges fixed inside the bandages. What remained of 
his skin was too fragile to permit shaving. 
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Mentally, the man shoned no signs of deterioration, was well oiiented as to his 
position, and very bitter about his plight. He lived in the hospital, never permitted 
himself to be seen without his bandage, and told me that lie had not looked in a 
mirror for over thiee years. As a form of self-imposed discipline, he had destroyed 
all Ids photographs. Although there is no precedent for a prosthesis so large, we 
decided to make one. 

Technique . — aiitisypliilitie precautions, vaseline vests applied 
over the entii'e face. A negative impression of the entire face was made 
'vith molding plaster. The negative impression was removed, soaked 
in lysol solution for several hours, and while wet, coated thinly with 
mineral oil. A positive impression of the face was made by pouring 
a mix of dental stone into the negative impression. The negative was 
I'emoved, leaving a stone likeness of the face. In order that the prosthesis 



Fig. 3. — Piosthesis being- applied with eura mastic mucilaRc. 

■should be shouldered upon only sounder tissue, the portions of the face 
which were ulcerated were covered upon the positive east with additional 
layers of plaster. This was also done about the lips and teeth to allow 
for airway, and below the chin to allow for shrinkage of the rubber 
compound during molding. This space was also necessary to provide 
a place within the prosthesis for cotton sponges to collect saliva. 

Upon the positive cast a new face was sculptured in clay. The 
features were so constructed as to leave the mouth slightly opened to 
allow for ventilation. Our aim was to construct a face with regular 
features but commonplace enough as not to draw attention to the wearer 



Fll?. I.— Patient with latex rubber pro5thc5K<?. Glasses are worn for esthetic effect 
spectacle frame not used for support of mask. 
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of the rubber restoration, TJie lips ivcre modeled with a hint of a 
smile. The pores of the skin were reproduced bj' pouring a small mix 
of fresh plaster over the sldn of a normal face. When dry this piece 
of plaster was used as a tamp to impress the pores and delicate skin 
tracery into the clay. 

The ensemble of the positive cast bearing the clay face was then 
covered with a fresh batcli of dental stone to form two halves of a two- 
piece mold containing the clay restoration between them. When hard- 
ened the two halves of the mold were separated and the clay washed out. 
The parts were thoroughly dried, reassembled, and were then I'eady for 
tlie molding of the rubber. In order to simulate a shaven skin, electric 
shaver clippings were thinly spread upon tlic inner siu'face of the outer 
half of the mold. ^Wien the mold was poured with precolored latex 
compound the fine beard shavings thus became imbedded in the visible 
surface of the prosthesis. This ruse proved quite realistic. 

The inside of the superior and posterior edges of the restoration are 
coated with a gmn mastic mucilage when the patient is about to put on 
his mask. As shown in the pliotographs, the spectacle frames bearing 
slightly tinted lenses oliscure tlie feather edge of the prosthesis. 

The transformation is astonishing. The patient, after several years 
of idleness and despair, has now been given a light part-time occupation 
and is quite happy, even proud, of his prostliesis. The artificial face has 
made this patient’s life endurable. 

This work was done under the direction of Dr. Francis Lederer. who first developed 
no.Mble translucent prostlieses in this countrj’. 
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Editorial 


The Questionnaire Method for Standardization 


I N liKUEXT .real’s (here iias arisen (he pernicious habit of sending out 
questionnaires in order lo labuJate man.v aspects of medical practice. 
Wlien these are eircnlated by some individual who wishes lo acquire in- 
formation for a scientific article, a minor evil arises. Such question- 
naires are a bother lo tiic colleagues who have to fill them out. As a 
result, they are ahva.vs loosely answei’cd, since those who reply to the 
que.stionnairc do not have the time to conduct a serious investigation 
of the problem. Xatui'nlly. (heir time is spent doing their own work 
rather than doing tiial of others. 

But when the questionnaire involves the standardization of surgical 
metliach we have a much more serious problem. Any scheme of stand- 
ardization ohlained by means of the questionnaire method nieajjs that 
(he standard thus obtained will he mediocre for tliis method compiles 
the average, not the best, methods. This is beginning to he apparent in 
more ways than one. If, for e.vample, the sponsors of a recent question- 
naire on the standardization of sterilizing technique summarize the usual 
jjraetiec, they will put before the profession the average, not the he.st, 
method. Leaders in the profession should not he desirous of standard- 
i’/Ang methods at an average level hut should push the standards ever 
lii^hcr, up to the highest now known, perhaps even higher, and then try 
to^clevatc tJie institutions up to that high level. Tliis is the only method 


by which progress can be made. 

It appeal’s that standardization tlirough the questionnaire method is 
Unt a nart of the general threat of the regimentation of people in our 
niintrv There seems to he a peculiar lack of personal initiative. 
mi.pre seems to he a desire to conform to the ordinary as opposed to the 
TL-Amivv There seems to be satisfaction with mediocrity as well 
fipAre for all to walk in the same line and in the same fashion. 
Up tint the regimentation of our people, as evidenced by what the 
It „„.v to io for years, is no,v esertiag its hold oa 
Goveinmeot h. „„„ see standards rodiioed 

the profession hoped tliat the profession nail be awake to 

rather than ® at least as regards surgery, we will try 

such desti-uctn highest possible peak. If we adopt 

to individiiah^ thousands of young men soon to be our 


this attitude, the 
respo' 




-Elliott C. Cutler, M.B. 

Boston, Mass. 
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Announcements 


American College of Surgeons Cancels Clinical Congress 

The annual Clinical Congress of the American College of Surgeons wliioli was 
scheduled to be held in Cleveland, Nov. 17-20, 1942, was cancelled by the Board of 
Eegents of the College at a meeting held in Cliicago, Wednesday morning, October 
1^. Motivated primarily by patriotism, the Eegents were influenced by the present 
conditions surrounding the general war program which liave led to a greater burden 
on the members of the surgical profession in their local communities as a result of 
the large proportion of tlie profession which is serving with the armed forces. Tlie 
Regents by this action took cognizance of the desire of the profession to do nothing 
which would interfere with the successful prosecution of the war program such as 
would be caused by temporary absence of its members from civilian duties during 
the period of the Congress, embarrassment of the transportation system, and inter- 
ference with tlie woik of the local profession in Cleveland in preparations and 
presentations incident to such a meeting. 


The Activity of the Medical and Surgical Relief Committee of America in the 
Collection of Medicine and Instruments for Military Purposes 

At the recent meeting of the Medical Society of the District of Columbia, held 
Sept. 29-Oet. 1, 1942, a completely equipped emergency medical held set was donated 
to Vice Admiral E. E. Waesehe of the U. S. Coast Guard by the Medical and Surgical 
Relief Committee of America, a relief organization with headquarters at 420 Lexing- 
ton Avenue, New York, N. Y. Ten similar sets have been turned over to the Coast 
Guard, bringing the total number fumislied by the Committee to first-aid posts, 
emergency medical centers, needy hospitals, and other recognized relief agencies up 
to 233. 

Each of the sets consists of two portable eases completely equipped with instru- 
ments, medicines, antiseptics, and a lantern with a set of dry cells to provide power 
for lights in the event of blackouts or power diflSculties. The sets were designed 
by physicians after a series of experiments during bombing attacks on London. 

The campaign to furnish emergency medical field sets is only one phase of tlio 
work in which the Committee has been actively engaged since its inception in August, 
1940. Organized by Mrs. Millicent Huttleston Rogers and a few New York City phy- 
sicians to send surplus medicine.s and surgical instruments to pliysicians in Great 
Britain, it has since grown to a nationwide committee consisting of approximately 
500 physicians and surgeons assisted by an equal number of professional and non- 
profcssional volunteers. 

With the spread of war, the organization’s scope has bioadened to take care 
of requests from Greece, Cliina, Russia, the Royal Norwegian Forces in Iceland, 
and the Free Frencli Forces in Nortlicrn Africa and Miquelon. Since Pearl Harbor, 
primary consideration lias been given to America’s needs. 

To date, medical supplies and surgical instrument.^ valued at ?475, 090.05 have 
been sent out by the Committee. The supplies arc collected from physicians, hospi- 
tals, pharmaceutic houses, and drug stores, then sent to the Committee’s New York 
licadquarters. Medicines are sorted and rebottled under tlie supen-ision of trained 
nurses. Instruments arc poli'-iied, and if ncccs,>-arv-, reconditioned. Tiiey are tlien 
redistributed to organizations wliere file need for them exists. 

90.3 
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External trauma about the abdomen and unusual physical exertion, 
particularly hea\y lifting,”' have been associated with this disease. 
Vitamin deficiencies, especially vitamin C, developing from the limited 
diet of the patient suffering from an active peptic ulcer are thought to be 
an etiologic factor.®”' Snell’®” also mentions a possible vitamin K 
deficiency. However, nei’vous and emotional strains seem to play the 
major role in provoking hemondiagc from gastric and duodenal 
nleers.’- su 

SYMPTOW COMPLEX 

The onset and train of symptoms in acute massive hemorrhage are 
quite characteristic. The ])atient is often at work when he experiences 
a sudden sensation of nausea togetlier witli a feeling of weakness, lui- 
steadiness, and vertigo, following which he may vomit a variable 
amount of bi-ight red blood or coffee-ground material. Frequently he 
collapses and shock is manifested by a cold and clammy skin, paleness, 
dyspnea, air hunger, and thready rapid pulse. The blood pressure is 
low and the temperatui’c is often subnormal. Bowel movements are 
either bloody or tarry in nature. Epigastric distre&s may or may not 
be present; if iiresent, vomiting or the taking of an antacid di’ug will 
give relief. 

P.VTHOLOGY 

Hemorrhage from the upper gastrointestinal ti’act ma.v occur in the 
presence of diffuse gastritis, carcinoma of the stomach, rupture of 
esopliageal varices, purpuras and blood dyscrasias, polyposis of the 
stomach, and most commonly from gastric or duodenal peptic ulcers. 
Rivers and Willrar®” of the Jfayo Clinic found tliat peptic ulcers were 
responsible for more than 85 per cent of the cases of hematemesis due 
to intrinsic gastroduodenal lesions. At operation, and even at autopsy, 
it may be difficult to discover the source of the hemorrhage if bleeding 
has stopped temporaidlj'. 

Duodenal ulcers are more frequently the soiu’ce of the hemorrhage than 
‘ire gastric ulcers.”” Hemorrhage from a posterior duodenal ulcer is 
the most likely to prove fatal. The most severe and persistent type of 
bleeding results when the pancreaticoduodenal arteries in the posterior 
"’all of the duodenum and the left gastric artery and the gastro- 
epiploic artery in the posterior wall of th.e stomach are involved. 
Vfilmer,”” who carefully studied the blood supply of the first part of 
the duodenum, found that there are two pancreaticoduodenal arcades. 
Uniting these arcade.s ai’c lar.ge anastomosing vessels running for a 
long distance on the posteriomedial wall of the duodenum. These ves- 
sels, in turn, join smaller anastomosing vessels which constitute the very 
vascular network of arteries which Wilmer calls the (justroduodennj 
plexus. Erosion of one of these larger jiosterior vc.ssels of this jjiexus 
probably causes the acute massive hemorrhage, as compared to tlie slow 
chronic heinori'ha.ge due to ei’osion of the submucosal ce.ssels. 



suRGiaiy 



Acute massive lioinorrlmf'c from an ulcer usually occurs following an 
injury to the wall of a small blood %'csse!. If flic vessel is severed 
transversely, the bleeding end ordinarily retracts and hemorrhage may 
be only transient. If a section of the wall sloughs out, retraction is 
difticult and hemorrhage is Drolongcd. Arteriosclerotic changes in 
the vessel wall also interfere Avith retraction of the vessel. In old 
cbro))5c indurated uker.s-. the lack of elasticity of the surrounding 
tissue lu’events the ve.ssoI from retracting and hemorrhage is coiise- 
{luenfly persistent. 

DI.VGXOSIS 


An adeijuate history, as in all medical conditions, is the most impor- 
tant factor in making a diagnosis of acute massive hemorrhage from a 
jieptic ulcer. A past history of an acute peptic ulcer or indefinite di- 
gestive disturbances and the present history of hematemesis or melena 
together with signs of shock and anemia should always suggest bleed- 
ing from a peptic ulcer. 

In 1939, Scucldcr”® introduced a simple and accurate falling-drop 
method of determining the s])ccifie gimvity of the blood, which can be 
carried out at the bedside as frequently as necessary to follow the course 
of shock. Ho has shown that in the case of shock from acute massive 
hemorrhage, tliero arc definite and constant demonstrable changes in the 
quality of the peripheral capillary blood. The specific granty fails 
from a normal vahio of 1.0566 in males and 1.0533 in females to 1.0400 
and less m the presence of severe hemorrhage. The blood hematocrit 
reading is Ioav and the plasma protein valne falls. There is a marked 
decrease in the Avhole blood potassium level but an increase in the blood 


serum potassium ler'cl. Moon and associates®^ demonstrated tliat the 
blood coagulation time ri shortened in the presence of seA'ere bleeding. 
The correlation of these values will reveal the severity of the hemorrhage, 


the progress of the bleeding, and the response to treatment much more 
quicldy and accurately than methods Avhich Ave haA’o preA’iously had at 
our disposal. In the early critical ^tage of massiA’e hemorrhage, the 
hemoglobin and red blood cell Amines lag considerably and do not ac- 
curately indicate the blood loss.®'- 

Hinton®^' described a transfusion test for determining the neees- 
"t - of operation in acute massiA-e hemorrhage as follows. If after two 
ft transfusions of 500 e.c. each, the lieraoglobin and blood pressure 

. 1 mnv assume that a large A-essel has been eroded and 

remam Ioav, one 

■pal inteiwention is indicated. 

sui'gi I mouth and x-rays taken of the upper 

Barium maj » . i • fPog-nocicys pijA flansrer in this nro- 


testinal tract as 


Barium <.» diagnosis.®® Tlie clanger in this pro- 

gastrointestma - barium but in the trauma to the I'isccra by 

eedure is not m s Atioroscope. 

mampulation u ...jumation of a patient in tlie presence of acute 
The gastroscopie e-\< . ^ contraindicated,*®- “ Snell"’® reports 

massive hen^orAage is dehn 
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its use at the Mayo Clinic in determining the soui’ce of hemorrhage in 
chronic persistent bleeding from the upper gastrointestinal tract. 


PROGNOSIS 

Patients rai-elj- die during the initial massive hemorrhage from peptic 
ulcers.®’ Meulengracht"’ found that death oecuiTed, on the aver- 

age, eight days after the onset of the bleeding, Blalock®*’ ®® has found 
experimentally that death in the presence of severe hemorrhage occurs 
more often from .shock than from exsanguination. It is the opinion of 
many men that patients vdth severe bleeding peptic ulcers do not suc- 
cumb from loss of blood alone, but rather from exhaustion, which is 
accentuated b}’- the extreme insnflSciency of food and drink.®’ ®®’ 

no, m 

The mortalit 3 ^ rate is extremelj’" high in patients over 45 yeai’s of 
age.<5’3«. 5 g Several authors report that hemorrhage in the female is 
less sei'ious than in the male.®®’ ®®’ There is also an abrapt rise in the 
mortality rate after the second hemorrhage.*®’ 

The initial treatment instituted is one of the most important factors 
determining the prognosis. Many authors report in the literature re- 
markably low mortalitj- r-ates rvith a prompt dietar.v medical manage- 
ment. 

THERAPY 

The treatment of acute massive hemorrhage from gastric and du- 
odenal peptic ulcers is a complicated problem. There has been much 
written during the past decade concerning this phase of the disease. 
It is agreed that all such patients should be immediately hospitalized 
and attended by an expert internist and a competent surgeon. The pa- 
tient should be placed promptly on an adequate dietary medical regime 
and every effort made within forty-eight lionrs to single out those cases 
which require surgical control of the hemorrhage. 

The initial shock is combated bj- rest, quiet, warmth,®^ the administra- 
tion of adrenal cortical extract,®® morphine sedation sparingh’,*® and 
oxj’gen.*®®’ **® Transfusions in the presence of active bleeding must be 
administered with care. 


MEDICAL THERAPY 

The time-honored medical treatment wliieh liad been almost uni- 
versally accepted and employed until the past decade was the conserva- 
tive starvation medical management. This regime consisted of a period of 
starvation of the patient up to several da.vs, administration of large dases 
of morphine, complete immobilization, infusions of gIueo.se and trans 
fusions of variable amounts of blood. The period of starvation was 
followed by the administration of minimal feedings of a blind diet in 
slowly increasing amounts, as illustrated by a progressive Sippv diet 
Close analysis of the mortality statistics reported in tiie literature for 
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this type of tliei‘a]),v reveais an astouisiiingly high mortality rate. Ttie 
mortality rates, as listed in Table I. range from 4.2 to oS.O per cent. 


In 1906, Lenhartz“® described a dietary treatment of 146 patients with 
bleeding peptic nicer resnlting in a mortality rate of 2.14 per cent. This 
report did not receive wide acceptance. Andresen,® in 1927, published 
a report of an entirely new method of management of bleeding- peptic 
ulcers with prompt and fairly libei-ai feedings of a gelatin-water mixture 
dministered at two-hour intervals. Unfortunately, he reported no 
\ tisticnl data to support the regime. In 1939, he reported a modified 
^^""d-sen diet as follows: A 1000 calorie diet, consisting of gelatin 
Andresen cream, and glucose flavored with coffee, tea, ehoco- 

combine TO-epared as a A'cry palatable driuk." Six ounces of 

late, or ^ani » , every two hours for the first four days. On the 

this cereal, custard, jello, and ice cream are added 

a regular modified ulcer diet is begun. At this 


afth and sixth days egj ^ 

aud on the ntn i ‘ " taiifv rate of 2.5 per cent for 120 patients 
time Andresen repouea . 


with bleeding pepiw 


ulcers 


rs treated by this method. 
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Jfeuleugraeht'® made a tremendous impression upon tlie medical pro- 
fession when he reported, in 1934, a mortality rate of 1.2 per cent for 
251 cases of bleeding peptic ulcer treated with a pull puree, qualitatively 
and quantitatively balanced, diet. The original full puree diet as de- 
scribed by Meulengracht is as follows ; 


6:00 A.M. Tea, white bread, and butter 
9 :00 A.M. Oatmeal with milk, white bread and butter 
1:00 A.M. Dinner of great variety (meat balls, boiled chops, 
omelet, fish balls, vegetable au gratin, mashed po- 
tatoes, tapioca pudding, etc.) 

3 ;00 p.ji. Cocoa 

6:00 p.M. White bread, butter, sliced meats, cheese, and tea 


This diet is supplemented by the administration of morphine sparingly, 
iron compounds, and transfusions as indicated. An antacid-antispas- 
modic mixture is prescribed as follows : 




Sig. 


Sodii Biearbonatis 
jMagnesii Subcarbonatis . 
Extract Hyoscyami 
: One teaspoonful t.i.d. 


afi, 


gr. XV 
gr. LI 


The patients remain in bed two or three weeks and are discharged, 
sjTnptom free, in five weeks. They arc x-rayed at the end of this period 
and usually continue on the diet for several months. The chief merit 
of the lleulengracht diet lay in the I’cdnction of the mortality I’ate 
rather than in an ultimate cure of the ulcer. 

Mortality statistics reported with the use of the prompt and fre- 
quent feeding regime have been collected from the literature and are 
pre.sented in Table II. The mortality rates are surprisingly low and 
range from 0,0 to 11.2 per cent. Of interest is the report of Wold- 
man"' of a mortality rate of 2.0 per cent employing a continuous intra- 
gastric drip of a .solution of aluminum hydroxide. This regime was sup- 
plemented with two-hour interval feedings of a bland diet. There have 
been numerous variations of the diet but tlie Meulengracht and Andre- 
sen regimes dci)cnd upon the jn-ompt and frequent feeding regardle.s.s 
of the diet. Tims, the type of diet is secondary to the promptue.ss of 
the administration. 

The factors rc.sponsilde for the c.xeellcnt results obtained by the im- 
mediate feeding regime are as follows: 

1. The in-e.scncc of food in the stomach dimini.shes the luumcr contrac- 
tions and pcrmit.s blood clotting to occur in the base of’ the ulcer. 
Christ ensen'- and Carlson^" have .shown conelusivciv that the fairlv 
ocll-f.llcd stomach is at all times relatively inactive 'in contrast to th'e 
vigorous activity of the empty stomach. 
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6. Adequate vitamin C promotes rapid healing of the ulcer and pre- 
vents oozing in the posthemorrhagic state.'"’ 

7 . Regeneration of blood occurs much more rapidly with the admin- 
istration of food. This was conclusively shown by Schi^dt.®® 

8. The patient’s morale is raised and he is calm, composed, com- 
fortable, and cooperative.®®’ ®*’ 

9. The convalescence is shortened.®^' ®®’ 

Transfusions are an important part of the therapeutic arma- 
mentarium. Indications for immediate transfusion are extreme shock, 
marked air hunger and anoxemia, a hemoglobin level below 40 per cent, 
and a blood pressure below 90 mm. of mercury. There are reports in the 
literature both for and against the routine administration of blood early 
in the presence of severe bleeding, but there is a general tendency toward 
conservatism. In 1935, Marriott and Kekwieh’® proposed the use of 
massive transfusions as a continuous drip. They have given as much 
as 3000 to 4000 c.c. of blood over a period of a few days. This is made 
easier in man}’ hospitals since the advent of the blood bank. Wood,”® 
Black and Camb,®® and Jones,®® state that slow massive transfusions 
merely tend to restore gradually the blood pressure to noi-mal level and 
do not cause increased bleeding. Most reports on the treatment of acute 
massive hemorrhage advise considerable care in the use of the blood 
transfusion and suggest that small amounts of 200 to 300 c.c. be admin- 
istered.®®- ®®’ ®®’ ®®' ®® Crohn and Lerner®® feel that the low blood pres- 
sure is an excellent natural mechanism for promoting clot formation and 
should not be unduly disturbed by large transfusions. Shulman and 
Glass,®®® Kilduffe and DeBakey,®® and others®’ ® hold that blood trans- 
fusions exert a hemostatic and coagulative action and that the so-called 
danger of increasing the blood pressure and “blowing-out” a blood 
clot is a fallacious belief. Also in this connection Allen® states, “We 
have seen patients die from the lack of blood but in no instance have we 
seen transfusions responsible for fatal hemorrhage. ’ ’ 

Andresen in discussing the use of an ice bag has this to say,® “As 
far as the ice bag is concerned, its only advantage, the prevention of 
andue motion on the part of the patient, in an effort at balancing it on 
the abdomen, is more than overcome by the disadvantage of wakeful- 
ness induced by fear of its being dislodged during sleep.” 

.SURGICAL THERAPY 

During the pa.st decade there has been a definite trend among .surgeons 
toward the advocacy of early and radical operative treatment for bleed- 
ing peptic ulcci-s. Finsterer®® wa.s the first surgeon to adiise immediate 
surgical intervention in acute nia.ssive hemorrhage. Working- under 
optimal conditions and operating early, before forty-eight hours had 
elap.scd. lie reported a mortality rate of .5.1 per cent in .seventy-ei'’*ht 
cases. Dperating upon seventy-four patients for the same disease after 
forty-eight hom-s had elapsed, he obtained a mortalhv rate of 29 7 per 
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cent, riierefore, J'^insloi-er advocaU*.s earjy operation, before forty-cight 
liourf! liave passed, in ordei- to insure a reasonable mortality rate. Oordon- 
Taylor,'**- rej)orting a .serias of tbirty-two patients treated under 
similar conditions, hud a mortality rate of 19 per cent. In a series of 
254 operations for bleeding peptic ulcer, not adequately classified as to 
acute massive hemorrhage or chronic jicnsistcnt hemorrhage, Valtens and 
Cleveland’''^ of the Jlayo Clinic rc]mrtcd a mortality rate of 7.4 per 
cent. 


There is a great deal of indecision a.s to llie accepted conditions and 
indications to ])c met before surgical intervention is undertaken. Gra- 
liam,"' feels that, given a patient over 50 .veal's of age, who has a hemo- 
globin level below 50 per cent, operation should be seriously considered. 
It is generally agreed that patients under 50 years of age have an ex- 
cellent prognosis for recovery from hemorrhage on a medical manage- 
ment.'- Graham^' stales tliat a single massive hemor- 
rhage in a young patient is not sufficient .-justification for operation. 
Lahey,"-' Balfour,"* and Bevan,’® reserve surgery for those eases of a de- 
cisive medical failure or for those with associated complications which 
in themselves are definite surgical indications. 

Rankin and associates*" have fomnlated a groipi of conditions to be 
fulfilled before snrger.v is undertaken. These conditions are as follows: 
(1) A massive liemorrhage occurring in a known pe])tic ulcer patient 
over 50 yeai-s of age; (2) a massive Jiemorrliago occurring in a knmvn 
peptic ulcer of long standing -which lias failed to respond to careful eon- 
tinnons medical treatment; (3) a massive liemorrhage following one or 
more previous episodes of severe bleeding from a peptic ulcer; and (4) 
when a massive hemorrhage from a known ulcer of long standing or in 
an arteriosclerotic patient fails to respond to one or more transfusions 
but shows evidence of continuous or repeated bleeding. 

Concerning surgery for bleeding peptic ulcers, Meuleiigraciit says," 
‘‘I consider a mortality rate of 1 or 2 per cent on dietary medical man- 
ao-ement makes the question unreal to me and relieves me of the re- 
sponsibility of liaving to decide in an individual ease whether operation 
is advisable or not. ’ ’ Holman"® and Rankin and associates*" feel that the 
routine operative treatment of all bleeding peptic ulcers is impractical 
and not indicated, but in spite of the excellent results obtained on dietary 
Ldical management, there remauis a small group of patients in which 
• t've inteiwention is indicated. Holman®®- considers the indiea- 
1 - earlv operation to be (1) an immediate recurrent or pereistent 
iTa- °o. complete bed rest and (2) a hemorrhage beginning while 
blecumo i-ceeiving adequate medical treatment in the hospital, 
the patien objective proof that those who attempt the sur- 

^Yangewsteen ‘ j.},age from a bleeding ulcer are able to perform 
gical a reasonable mortality. 

suehptoeea®e . surgical treatment of bleeding peptic 

The moHahty s literature have been compiled in Table HI. In 

fficers as reported® the 
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comparing the moi'tality rates for surgical treatment n-itli those obtained 
on adequate dietary medical management, it can be assumed that the 
safest treatment for the patient in anj' community, and especially where 
a competent surgeon is not available, is the pi-ompt dietary medical 
regime. 

The various sui'gieal proeedui’cs employed will onl.v be mentioned and 
not discussed. Tlie operation of clioice is partial gastrectomy with re- 
moval of the ulcer.’*' • ''*■*' ''’® Tliis prevents subsequent liem- 

orrliage Avhieh frequently follows other more conservative operations. 
Other operations whicli have been advocated are the transduodenal 
ligation of the eroded vessels, anterior gastroduodenostomy, and excision 
of the gastric ulcer, with or without gastroenterostomy. 

Table III 

Surgical Treatmext 


lIoBTALiTY Statistics as Reported is Literature 
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AValters ancl Clevelanrl 

1941 

^favo Clinic 

254 

19 

7.4 


A REVIEW OF 284 CASES OF BLEEDING PEPTIC ULCER ADMITTED TO 
H.VRPER HOSPITAL, 1931 TO 1941 

All ease.s of bleeding gastric and duodenal peptic uleei-s, the acute 
massive liomoiThage, and the moderately severe hemorrhage, enteriu" 
Harper Hospital between the ycai-s 1931 and 1941 have been reviewed. 
All iiaticnts wore classified a.s liaviiig acute massive hemorrhage if thev 
entered the hospital in shock, gave history of hematemosis or melemi 
had a red blood cell count of three million or le.ss and a hemoglobin level 
of 90 per cent or le.ss. The statistical data compiled from the charts of 
those 2S4 pafient.s admitted witli bleeding peptic nlcoi'S is contained in 
Table IT. 
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There were 208 juitient.s Avho siifH'rcd from (iciite massive lu-morrhafie 
and 74 patients who iiad mild or cliroiiie hleeiiiiif; from either irasfrie or 
duodenal peptic ulcei's. Tin* disf rihntion of the 2fts ea.ses is siiown 
graphically in Fi>r. 1. There were seventy eases of acute massne hemor- 
rhage treated hy a ])roin]>t and freipn-nt fe»’dinir regime. Ele\eii jaitients 
received the Meulengraeht diet nixl the remainder received the Eippy 
fluid diet or a soft diet. Tlicre were 108 patients treated by tiic strict 
starvation regime. Seven jiatients with acute nias-sive hemorrhage were 
operated upon with one death. 

During the eleven-year period. lOJl] to 194], there were tuenlv-two 
deatlus from bleeding gastric and duodena] peptic ulcers trcatid at 
Harper Hospital. One death was due to surgery : a i)yloroplasi\ was jicr- 
tormed and a fatal peritonitis developed. There were twenty -om ilialhs 
ui those patients treated medically. The.sc deatlrs are anal.\/id m 
Table V. 




— Distribution of 208 cases of acute massive hemorriiage. 
Cases treated by prompt feeding (70 patients). 

Cases treated by starvation regime (138 patients). 

Indicates each patient treated surgically (7 patients). 
Hortality rate yearly on medical management. 


After i^eviewing tlte (J^ta as compiled in the last tliree tables, the fol* 
uuing conclusions can be drawn. 


, were twentj'-one deaths in the entire series of 284 cases of 

*®eding peptic ulcers. All deaths occurred in the presence of acute 
Passive hemorrhage. The mortalit}’ rate for the 208 cases of acute 
‘*'ussh e hemorrhage was 10.0 per cent. 

patients with acute massive hemorrhage were submitted to 
^uigery. There was one death, resulting in a surgical mortality rate 




TAB1.B IV 

Compiled Data op 281 Cases Bleeding Peptic IlLCEti 
(Harper Hospital, 1931 TO 1941) 


974 


SURGCRV 



2 Sippy 3 Pood 14 

9 Moul. Star. 17 









































KKCICNT ADVAXCKS IX SUKGEUY 


977 


evening and was not fed until the next morning. However, tlie two 
deaths gave a mortality rate of 2.S per cent on immediate feeding man- 
agement. 

■1. Nineteen deaths occurred in a scries of 18S jiatients witli acute 
massive hemorrhage treated hy a starvation regime, resulting in a mor- 
tality rate of 13.7 per cent. 

5. Seventeen deaths occurred in patients over 4:1 years of age, an 
80 per cent incidence. 

6. There were no deaths from the initial massive hemorrhage. 
Eighteen patients who expired from acute ma.ssivc licmorrhage gave 
no history of previous episodes of bleeding; conversely, only three pa- 
tients who died gave a history of previous bleeding. 

7. The aA'erage period of hospitalization of the fatal cases was from 
six to ten days, corresponding with the figure reported by Heulen- 
gracht."® 

8. This condition is four times as common in the male as in the fe- 
male. HoAvever, there were seven deaths in the group of 54 female 
patients with acute massive hemorrhage, giving a mortality rate of 
13.0 per cent. Fifteen men died in the group of 230 male patients. 
The mortality rate for men is 6.5 per cent, much less than for women. 

9. Duodenal ulcers are more often the source of the hemorrhage 
than are gastric ulcers. The mortality rate is higher for acute hem- 
orrhage from gastric peptic ulcers than for duodenal peptic ulcers. 

10. There has been a marked increase in the number of patients 
with acute massive hemorrhage from peptic ulcers admitted to Harper 
Hospital during the past three yeai's. 

11. The trend in treatment for acute massive hemorrhage from 
peptic ulcer at Hai'per Hospital is definitely in favor of the prompt and 
frequent feeding management. 

SUJnURY 

In acute massive hemorrhage from gastric and duodenal peptic ulcers, 
the mortality rate is markedly lowered by the prompt and frequent ad- 
ministration of an adequate dietaiy medical regime. 

Of 284 patients admitted to Harper Hospital from 1931 to 1941 wilh 
the diagnosis of bleeding peptic ulcer, there were 208 patients with 
acute massive hemorrhage. 

The mortality rate for seventy patients witli acute massive hemor- 
rhage treated by a prompt and frequent feeding regime urns 2.8 per 
cent. 

The mortality rate for 1.38 patients with acute ma.ssive hemorrhao-e 
from peptic ulcer treated hy a starvation regime was 13.7 per cent.'’ 


SDftGEJjy 


i)7(> 


Tadw; y 


AN’Ai.ysifi OK 22 Dkaths Fiiosr Acim; JIassivk Hemorkiiaoe 
I lAiiKER Hospital (inni to 1941) 


YKAU 

Aoi: 

SKX 

TYPK 

OK 

ULKEIMNC 

CAUSE OF 
UEATU 

TREATMENT 

HOSPITAL- 

IZATION 




L'l.eKU 



PERIOD 

1 !i:!2 

48 

F. 

])ll(l. 

? 

Acute JIas.siy 

B Starvation Die 

t 6 Days 






Hem. 


19:!2 

50 

M. 

7 

Primary 

Acute Massivi 

s Starvation Die 

t 11 Days 





Hem. 



19.'!2 

5S 

M. 

3)iio. 

Primary 

Acute Massiv( 

! Starvation Die 

t 5 Days 






Hem. 


19;!2 

28 

Jf. 

9 

Primary 

Acute Massive 

: Starvation Die 

t 11 Days 






Hem. 


1922 

70 

ir. 

Duo. 

Secondary 

Acute Massive 

! Starvation Die! 

t 1 Day 






Hem. 


1922 

49 

M. 

Cast. 

Primary 

Acute Massive 

1 Starvation Diel 

t 11 Days 






Hem. 


1924 

24 

iVr. 

Duo. 

Primary 

Acute Massive 

: Starvation Diel 

: 13 Days 





Hem. 


1924 

31 

jr. 

Duo. 

S'econdary 

PyJoropJasfy 

Starvation Die 

! IT Days 






with 

pej-itonitis 



IDS.! 

50 

M. 

Duo. 

Primary 

Acute Massive 

Sippy Diet 

20 Days 






Hem. 

1925 

40 

M. 

Duo. 

Primary 

Acute Massive 

Starvation Diet 

6 Days 





Hem. 


3925 

52 

M. 

9 

Primary 

Acute Massive 

Starvation Diet 

3 Days 






Hem. 


1925 

50 

F. 

Gasf. 

Primary 

Acute Massive 

Starvation Diet 

20 Days 





1 Hem. 


1920 

59 

F. 

Gn.st. 

Primary 

Acute Massive 

Starvation Diet 

4 Days 





Hem. 


1930 

52 

U. 

Gnst. 

Primary 

Acute Massive 

Starvation Diet 

6 Days 





Hem. 


1937 

31 

F. 

Gast. 

Primary 

Acute Massive 

Starvation Diet 

5 Days 




Hem. 



1937 

04 

F. 

? 

Primary 

Acute Massive 

Starvation Diet 

1 Day 





Hem. 



1937 

40 

M. 

Gast. f 

Secondary . 

icute Massive 

Starvation Diet 

59 Days 




Hem. 



1937 

47 

F. 

Gast. t 

Primary i 

icute Massive , 

Starvation Diet 

8 Days 




Hem. 



1938 

50 

M. 

Duo. I 

Piimary t 

Acute Massive : 

Soft Diet 

4 Days 



Hem. 

(few feedings! 


1939 

62 

M. 

Gast. I 

Primary J 

Acute Massive S 
Hem. 

starvation Diet 

2 Day.s 

1941 

00 

F. 

Duo. 1 

Primary A 

Lcute Massive S 
Hem. 

Starvation Diet 

3 Days 

1941 

60 

JI. 

? r 

’rimary A 

lcute Massive S 
Hem. 

itarvation Diet 

8 Hours 

22 Pa- 
tients 

iToveT 
45 years 

7F. 

1.5 M. 

9 Duo. i 
S Gast. 

8 Primary 1 
3 Second- 
ary 

Surgical 

death 

2 Feeding 

20 Starvation 

Av. 

10 Days 

Mean 


of age 


1 



6 Day.s 


t There were fifteen patients operated upon in the en- 
of 14.0 per cen surgical mortality rale was 

tire series ^ moderate hemorrhages. 

7.0 per ceil o in a scries of seventy patients with acute 

3 Two deaths o ^ pj-ompt feeding regime. One of the.s-e 

massive hemorrhag food as he entered the hospital in the 

patimts 
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Se^ cii pulipiils with jicutc massive hemorrhage fi'om peptic ulcer 
^vore o])eraled upon with one death. Thus, the surgical mortality rate 
in the presence of acute hemorrhage was 34,0 per cent for a very small 
grou}) of eases. 

Tliere is no ])roof, as yet. that those who attempt the surgical arrest 
of acute massive liemorrhage from a peptic ulcer are able to do so with 
a reasonable mortality. 
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he has noticed no attributable reduction in mortality. When mechanical ob.struc- 
tion of a strangulating character i.s known to be present, he advises against sole 
reliance on the tube; whereas it might be more safely put that one should depend 
solely on the tube only when it is known that mechanical obstruction is not 
present. The ditTerentiation of the typos of obstniction is didactic and over- 
simplified. 

This reviewer is grateful for Dr. Wangensteen’s attack on two time-honored 
surgical maxims repeated from text to text and lecture to lecture. He maintains, 
with good reason, that in acute appendicitis with peritonitis death is not due to 
paralytic ileus but to infection. The old dictum that high intestinal obstruction 
is more lethal than low is shown to date from the period before adequate fluid 
replacement. A patient with high obstruction can be carried along, with replace- 
ment of fluids, long after a patient with low small intestinal obstruction has suc- 
cumbed to the effects of distention and pressure in a long stretch of bowel. 

Jfany of the sections on special types of obstruction are interesting. It is 
a little hard to understand the frequent reference to obstruction of the intestine 
by gallstones. 

The use of enterostomy in surgical management of intestinal obstruction is very 
strongly stressed and recommended, an attitude which is at variance with present- 
day surgical practice in most clinics. 


Epilepsy and Cerebral Localization. By Wilder Penfield, M.D., B.Sc.. and T. C. 

Erickson, M.D., M.A., M.Sc., JfcGill University. Pp. 623, with 163 illustration.s. 

Charles C Thomas, Publisher. .‘Springfield, 111., 1941. ?S.OO. 

This well-written, encyclopedic treatise on epilepsy contains material from the 
authors, many contributions concerning epilepsy published in the periodic literature, 
and, in addition, a most comprehensive rex-iew of the literature on epilepsy. Focal 
epilepsy is the tj'pe xvhich the authors have most extensively ini-estigated, but all 
tj-pes of epilepsy are fully discussed in this book. 

Since the investigation of the mechanism and treatment of focal epilepsy has led 
the authors to ex-tensive study of cerebral localization, it is natural that the whole 
subject of fxinetional localization in the cerebral cortex, its historj- and present status 
should be reviewed here. They ha^e had the most extensive experience with ob- 
servations in stimulation of the cerebral cortex of conscious patients. 

This book is a most comprehensive treatise on the history, mechanism, etiologj-, 
surgical treatment, medical treatment, and psychologx- of the epileptic patient. 

An abundance of illustrative case reports are given in detail. The efficient ar- 
rangement which the authors hare for taking photographs in the operating room is 
reflected in the many photographs of exposed cortex. However, the diagrams which 
supplement these photograplis are equally, if not more, helpful to the reader. 

The large amount of original investigation reported and the laborious compilation 
and inclusion of information from the literature should make this book one of lasting 
value. 


Synopsis of Pathology. By W. A. D. Anderson, il.A., if.D., Pp. 661, vrith 294 il- 
lustrations, and 17 color plates. St. Louis, 1942, C. V. Mosby Companx-. 

This book is one of a recent series of synopsis of various subjects related to the 
study of medieme. The value of any one of these condensed presentations will 
depend upon two mam points, namely: (1) the completeness xvitU which the author 
has covered the subject to include the various phases of the subject under discussion 
and (2) tlve brevity uitli M’hicb each phase is presented. 



Book Reviews 


History and Evolution of Surgical Instruments. By C. J. S. Thomp.son, Eoyal 
College of Surgery, London, with a foreword by Chnuncey D. Leake. Pp. 113, 
illustrations 115, New York, N. Y., 1012. Schuman’s. 

Professor 'riiompson, a well-known English medical historian, sets forth in this 
monograph n brief recital of wliat is known concerning the development of surgi- 
cal instruments. The monograph is particularly valuable now, in that the author 
has surveyed the fine collection of surgical instruments which, before the Nazi 
aerial bombardments of London, contributed one of the most remarkable historical 
collections of surgical instruments extant. That collection has now been largely 
destroyed. It is particularly fortunate, therefore, that this survey of the author 
was well under wa}' before that grim act of destruction occurred. 

It is interesting to observe in this monograph the development of various in- 
struments. Those instruments like the saw used by cabinetmakers still were well 
developed 100 j’ears and more ago, resembling very closelj' those used by modern 
surgeons; similarlj’, the instruments u.sed for trepanation of the skull, having as 
antecedents the brace and drill of the cabinetmaker, early assumed a form not 
unlike that of modern instruments used for the same purpose. When the surgeon 
had to do liis own improvising, it is painful to observe how slow his progress was 
ns witness tlie slow development of the artery forceps and instruments for dis- 
section. The story of the development of the scalpel and the operating table 
reflects quite directly the role of the surgeon’s activity. Prior to anesthesia and 
aseptic surgical practices, the point of the scalpel received the greatest notice 
from surgical innovators; thereafter, the blade poised for cutting became the 
chief object of concern. The autlior concludes with the suggestion that more 
recent developments in the faeilitie.s of the .surgeon in the operating room are 
a story in themselves ’ ’—a chapter with which he does not wish to deal. 

The book is one which should interest all surgeons, with a historical sense, w lo 
desire to know something of the manner in which his instriimentarium came in o 

being. 


Tntestiual Obstructions: A Physiological and Clinical Consideration ^th 
^ _ TheranV Including Description of Operative Procedures. By Owen H. 

SIS p,,D., Professor of Surgery of the University ot 

^I^°^esota'^ana Surgeon-in-Chief of the University of Minnesota Hospital, Min- 

Minne ■ * ^ Pp_ 484^ with 143 illustrations, of which S2 are nenlj 

intTauced in this editiw. Springfield, Ilk, 1942, Charles C Thomas, Publisher. 
$7.00. 
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lie has noticed no attributnble reduction in inortnlity. When niechnnienl obstruc- 
tion of a stninpulatinp cimrncter is known to be present, ho advises iiffainsf sole 
reliance on the tube; whereas it niiphl be more safely put that one should depend 
solely on the tube only when it is known that meehnnieal obstruction is not 
present. The difTerentintion of the types of obstruction is didactic and over- 
simpli/ied. 

This reviewer is grateful for ])r. Wangonslocn ’s attack on two time-honored 
surgical maxims repeated from text to text and Icettirc to lecture. He maintains, 
with good reason, that in acute appendicitis with peritonitis death is not due to 
paralytic ileus but to infection. The old dictum that high intestinal obstruction 
IS more lethal than low is shown to dale from the period before adequate fluid 
replacement. A patient with high obstruction can bn carried along, with replace- 
ment of fluids, long after a patient with low smnl! intestinal obstniclion has suc- 
cumbed to the effects of distention and pressure in a long stretch of bowel. 

Many of the sections on special types of obstruction arc interesting. It is 
s little hard to understand the frequent roferenee to obstruction of the intestine 
1^1.'’ gallstones. 

The use of enterostomy in surgical management of intestinal obstruction is very 
strongly stressed and recommended, an attitude which is at variance with present- 
day surgical practice in mo.st clinics. 


Epilepsy and Cerebral Localization. Hy Wilder Pcnfield, Jl.D., L.vSe., and T. C. 

Erickson, M.D., M.A., M.Se., McGill liiiivcrsity. Pp. 023, with 163 illustrations. 

Charles C Thomas, Publisher. Ppringficld, 111., 1041. $8.00. 

This well-written, encyclopedic treatise on epilepsy eontains materia! from the 
authors, many contributions concerning epilepsy published in the periodic literature, 
and, in addition, a most comprehensive review of the literature on epilepsy. Focal 
epilepsy is the typo which the authors have most extensively investigated, but all 
tjqjes of epilepsy are fully discussed in this book. 

Since the investigation of the mechanism and treatment of focal epilepsy has led 
the authors to extensive study of cerebral loealiiation, it is natural that the whole 
subject of functional localization in the cerebral cortex, its history and present status 
should be reviewed here. They hav„e had the most extensive experience with ob- 
sen-ations in stimulation of the cerebral cortex of conscious patients. 

This book is a most comprehensive tre,ntise on the history, mechanism, etiology, 
surgical treatment, medical treatment, and psychology of the epileptic patient. 

An abundance of illustrative case reports are given in detail. Tlie efficient ar- 
rangement which the authors have for taking photographs in the operating room is 
reflected in the many photograplis of e-xposed cortex. However, the diagrams whicli 
supplement these photographs are equally, if not more, Iielpful to the reader. 

The large amount of original investigation reported and the laborious compilation 
and inclusion of information from the literature should make this boob one of lasting 
value. 




St. Lours, 1942, C. V. Mosby Company. 


Synopsis of Pathology. By W. A. 
lustrations, and 17 color plates. 

This book is one of a recent series of synopsis of various subjects related tn rs 
study of medicine. The value of any one of these condensed presents ionrwSl 
depend upon two marn pornts namely: (1) the completeness with wind, thTi « 
has covered the subject to rnclude the various phases of the subject und! r 
and (3) ‘he brevity with whicli each phase is presented. ^ ^ ^ discussion 
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J)r, Andoison pro<!cnfs u condensed discussion of the pathologic changes occurring 
in disease, as "oil as a discussion of the pathologic processes occurring in these same 
diseases as related to their application to clinical medicine. The very nature and 
inupose of this book precludes the possibility of completeness of discussion in anj 
of the subjects picscntod. Houever, for the most part, tlie author has not, appar 
cntly, sacrificed claiity of desciiption for brevity of presentation. 

The descriptions and discussions aic supplemented bj a wealth of black and wiiifo 
photographic plates of the gross as well as tlie microscopic changes occurring in the 
different paits of tlic hodv M’lth a fen cvceptions, the detail of these photographs 
IS ovccllent and because of this tliej gieatlj augment the value of the brief iesenp 
tions to nliich thej icfei In addition to the innumerable pliotographs mentioned, 
Ihoie arc seventeen color plates 

As mentioned in tlie jiicfacc, the bibbogiaphj is very inooiuplete ITnfortunatelj, 
tins IS unnoid'iblo in such a lomlcnsation of so vast a subject However, the ref 
crcuLCs, which aic listed, are of recent date and should form a basis for further in 
vestigation of anv subject discussed 


Textbook of Surgery. Bv American authois, edited bj Piedenck Christopiier, 
BS, MB, r.A C S Ed 3. Pp 1704, with 1538 illustrations on 771 figures 
Philadelphia and London, 1942, IV B Saunders Compsnj $10 00 


The first edition appealed in I03C and, as the editor states, “The dominant plan 
of this textbook is to give the student a concise presentation of surgerj which is 
characterized bj the maximum authontj The contributoi s, whose psin=taking work 
lias made this book possible, have been chosen because of then outstanding abilitj 
m tile subjects which thej present The subject matter contains the tested and ac 
tepted present daj principles of surgerj Etiologj-, pafhologj, and diagnosis have 
properlj been stressed, and the correct surgical treatment has been carefully de 
scribed ” A second edition was published in 1039 

The piesent publication is an up to (Into, practical treatise on surgery wluch 
follows the design of previous editions There are several new sections, including one 
on war injuries, pruritus and liemonhoids, abnormalities of the thjmus, compound 
fractures, coccidiodal granuloma, and patent ductus arteiiosus OtJier sections have 
been completelj levised or levvntten The utilization of a great number of col 
laborators, writing upon tlie field of their special interests, is the distinctive feature 
of tlus volume, consequentlj , it carnes the advantage of more autlioiitative and pre 
cise information than texts of different plan and format Throughout the text, 
various oontiibutors have indicated the many .applications of the sulfonamide group 
of drugs and the beneficial results vvhicli may be ex-pected Pertinent references to 
literature are appended at the end of each discussion for readers who wish to study 

the subject more extensively ... 

This book IS generally eminently practical, it is fundament il enough for students 
not too brief as a reference book for practitioners 1 here is little that one 
tewp The illustrations, both diagrams and photographs, are well chosen 
can cn i definitive information concerning the 

f,lftv °as well as the ’results of surgical intervention 
mortauiy a pnffueed in the practice of surgrery tins \alu'ible book is ^erwu^h 

To all piijsiciaus e fab 

and enthusiastically recommended 
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Dr. AnderHOii presents a comlciised discussion of the pathologic changes occurring 
in disease, as well as a discussion of the pathologic processes occurring in these same 
diseases as related to their application to clinical medicine. The very nature and 
purpose of tliis book precludes the possibility of completeness of discussion in any 
of the subjects presented. However, for tlie most part, the author has not, appar- 
ently, sacrificed clarity of description for brevity of presentation. 

The descriptions and discussions arc supplemented by a wealth of black and wliitc 
photographic plates of tlio gross ns well as the microscopic changes occurring in the 
dilTercnt parts of the body. Witli a few exception.*!, the detail of these photographs 
is excellent and because of this they greatly augment the value of the brief descrip- 
tions to which they refer. In addition to the innumerable photographs mentioned, 
there arc seventeen color platc.s. 

As mentioned in the preface, the bibliography is very incomplete. Unfortunately, 
tills is unavoidable in such a conden.sation of so rust a subject. However, the ref- 
erences, whicli are listed, are of recent date and should form a basi.s for further in- 
vestigation of any subject discussed. 


Textbook of Surgery. By American authors, edited by Frederick Christopher, 
B.S., M.D., F.A.C.S. Ed. 3. Pp. ITO-l, with 1538 illustrations on 771 figures. 
Philadclpliia and London, 1942, IV. B. Saunders Company. $10.00. 

Tlie first edition appeared in 1936 and, as the editor states, “The dominant plan 
of this textbook is to give the student a concise presentation of surgery wluch is 
characterized by the maximum authorit.v. The contributors, whose painstaking work 
has made this book possible, liave been chosen because of their outstanding ability 
in the subjects whicli they present. The subject matter contains the tested and ac- 
cepted present-day principles of surgery. Etiology, pathology, and diagnosis have 
properly been stres.sed, and the correct surgical treatment has been carefully de- 
scribed.” A second edition was published in 1939. 

The present publication is an up-to-date, practical treatise on surgery which 
follows the design of previous editions. There are several new sections, including one 
on war injuries, pruritus and hemorrhoids, abnormaiitie.s of the thymus, compound 
fractures, coccidiodal granuloma, and patent ductus arteriosus. Otlier sections have 
been completely revised or rewritten. The utilization of a great number of col- 
iaborators, writing upon the field of their special interests, is the distinctive feature 
of this volume; consequently, it carries the advantage of more authoritative and pre- 
cise information than tests of different plan and format. Throughout the text, 
various contributors have indicated the many applications of the sulfonamide group 
of drugs and the beneficial results which may be expected. Pertinent references to 
literature are appended at tiie end of eacli discussion for readers who wish to study 
Hip subiect more extensively. 

Tills book is generally eminently practical, it is fundamental enough for students 
a ■ ot too brief as a reference book for practitioner.*!. There is little that one 
and 18 n iJJustrations, both diagrams and photogr.aphs, arc well chosen, 
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Epispadias nitli incontinence (Dee«), 
621 

Esopliagectomj for cartinoma, intratbo 
racie esopliagojejunostomy for 
total gastrectomy nitb (Mej 
cr), 115 

Esopliagojejunostomj, intrathoracic, for 
total gastrectomy with loner 
esophagectomy for carcinoma 
(Meyer), 115 

Ether and pentobarbital sodium ane® j 
thesia, shock in control and 
splenectomized animals under 
(Kendrick and Uihlein), 76 

E\c!sion, surgical, of primary tumor of 
li\er (harmartoma) in infant 
seien months old nith reco'ery 
(Benson and Penberthy), 8S1 

ENtreraities, equalizing lower (Phalen 
and Chatterton), 76S 

E\tremity, distal, of ulna, anterior dis 
location of (Co\), 41 

F 

Facial defect, e\tensive mutilating , co« 
metie corree^on with late\ 
mask (Brown), 957 
fractures, internal wiring fixation of 
(Adams), 523 

Factors, physical, concerned in infiamma 
tion, hydrostatic and physico 
chemical forces in establishment 
of certain equilibria (Belbs), 
251 

Familial hemolytic jaundice (McLaugh 
lin), 419 

Feeding and dramage, double tube 
method for, folloiimg gastric 
resection or gastroenterostomy 
(Mersheimer), 563 

Femur, fractures of neck of (Hart), 763 

Fibnn formation, lymph drainage and 
composition, flow of lymph 
from burned tissue, with ref 
erence to (Glenn et al.), 685 

Fixations, internal wiring, of facial frac 
tures (Adams), 523 

Fluid studies, body, in experimental ob 
struction at lanous levels of 
gastrointestinal tract (Abbott 
and Mellors), 445 


Forceps, biopsy and double loop rectal 
ro'cetor (Turell), 729 
Fractures and wounds, 840 (75. Hei.) 
compound, use of sulfonamides in 
(Mitclicll), 40.3 

dislocations, and sprains, manage 
mont of, 837 (75. 7?et'.) 
facial, intem.il wiring fixation of 
(Adnms), 523- 

mniiual of fre.ifmont of, 160 (75. Itei ) 
of neck of femur (Hart), 763 
Function, liter, physiology of plasma 
protliromhin and its relation to 
(.Andrus and Lord), 801 


G 


Galactose tolerance tost, relation to liter 
function (Andrus and Lord), 
816 

Gangrene, gas, of trunk, presort ation of 
transtersalis muscle (Ltons), 
932 

Gas gangrene of trunk, presertation of 
transtersalis muscle in (Ltons), 
952 

Gastiectomy, total, witli lower esopliagec 
toniy for carcinoma, mtratho 
racic esophagojejunostomy foi 
(Meyer), 115 

Gastric resection for duodenal ulcer, 
management of duodenum in 
(Wilson), 390 

or gastroenterostomy, double tube 
method for drainage and feed 
mg following (Mersheimer), 
563 

potential closed duodenal loop in 
(Lynn et al ), 566 

subtotal, for peptic ulcer (Miller). 
383 


resections, duodenal stump in (Me 
Nealy), 207 

secretory depressant m gastric juice 
(Brunschwig et al ), 887 
tonus and motility, anesthetics in, with 
special reference to acute gas 
trie dilatation (Johnson and 
Mann), 599 

Gastroduodenal ulceration, acute perfo 
rated (DeBakey), 798 (E) 

Gastroenterostomy' or gastric resection, 
double tube method for dram 
age and feeding following 
(Mersheimer), 563 

Gastrointestinal tract, body fluid stud 
les in experimental obstruction 
at ranous levels of (Abbott and 
Mellors), 445 


carcinoma of, regional lymphatic 
metastases of (Kay), 553 
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Gointounnurj diseasc'-j sjnopsi'! of, IGO 

{]}. l^ei ) 

Qoitei, mtrathoiiicio, opejiitno technique 
foi, uith ni'untonance of air 
ua) (Priolcau), 742 

Giaft, split shin, simplified method foi 
fonnntion of artificial lagina 
bj (Oneiis), 139 

Ginfts, pedicle shin, in correction of 
cicatiicial anal stenosis (Cole 
and Gieelej), 349 

G.Miecologj and obstetrics, cotton suture 
material and eailj ambulation 
in (Nelson and Collins), 109 
pediatiic, 084 (J3 Hci ) 

H 

Halsted ladical niastcctomj (Hoopes and 
McGiau), S92 , 

Harniai toiiia , suigical excision of pri 
marj tuiiioi of Inei in infant 
seicn months old uitli rceoien 
(Benson and Penbeithj ), 8S1 
Healing’ of experimental cutaneou= 
Mounds, topical application of 
seieial substances on (Biush 
and Lam), 353 

MOund, therapeutic blood lei els of 
sulfanilamide and sulfftdiarine 
on (Zintel et al ), 242 | 

Heniol 3 tic jaundice, familial (JXcLnugh 
lin), 419 

Hemoirliage and shock, adrenal coitical 
hoimones in (Pine et ai ), 1 
Hemostasis, tantalum clips foi, m ueuio 
surgeij (Pudenz), 791 
Hepaiin, mtiapmitoneal adliesioiis uitli, 
expel imcntal pi mention of 
(Lehman and Bojs), 230 
Hepatostoraj, external, drainage of ex 
tenoxized Iner (Babcock), 925 


Hydrostatic and plij sicocliemical foiccs 
in establishment of certain eqm 
hbria, physical factors con 
ceined in inflammation (Beilis), 
251 

Hy pci tension, essential, effect of sympa 
tlieetomy on lenal blood floii 
in (Findley at al ), C4 

Hypeitliy toidism, luer changes m (Me 
Iver), G54 

Hypertonic suciose solutions, renal le 
sponse to (Feher et a! ), 705 

Hypospadias (Farniei), 462 

I 

Ileocolostomy, end to end (Mayo and 
Sclihcke), 716 

Immobilization, mermaid cast, Italian 
method of plastic repair of de 
nuded areas foiloued by 
(Murphy), 294 

Inusional lieinia, large niidhne, recon 
stiuction operation for (Bush 
and Bush), 133 

Incisions, short lateial and postenoi, 
thoracoplasty through (IVylic 
et al ), 08 

Incontinence, epispadias luth (Dees), 
C21 

Infant seien months old, surgical ex 
eisjon of piimary tumor of luoi 
(haimaitom.a) in (Ben'on and 
Penbeithy), 8S1 

Infections, staphylococcus, tlier.ipy m 
(Bigdon and Stoohey), 635 

Inflammation and capilhiy permeability 
in loM blood piessure in tkin of 
labbits (Eigdon et al ), 302 

physical factors conceined in, hydio 
static and physiochemical forces 
in establishment of certain equi 
libna (Beliis), 251 


a inguinal, opeiation for, based 
’ upon utilization of Coopei 's hg 
ament (Neuhof), 128 
re imdliiie incisional, leconstiuction 
’ operation foi (Bush and Bush), 
1S3 

lotomy, Mclhai (Haikiiis et al ), 
364 

imnt posterior aspect of, and le 
^ slons of upper sciatic nerve, sur 
meal approach to (Naffziger 
and Norcross), 929 

iflmef (Eoofand Mann), 
nient', 9o- X henior 


Infusion, plasma, and lobectomy, pul 
monary edema foUoMing (Gib 
bon, Ji and Gibbon), 094 
! Iiigiiiii.il heinia, operation for, b.ased up 
on utilization of Cooper's liga 
ment (Neuhof), 12S 

Injections, roentgen treatment of, 837 
(B Mev) 

Iiijiiiies, crush and compression, nifh 
urenue death (Moliardt), 151 
of larynx, and dise.ascs, S38 (S Jlcv) 
Instruments, surgic.il, history and ciolu 
tion of, 982 (B Scv.) 

Internal uinng fixation of facial frac 
tiires (Adams), 523 
InRstiii il ohstruetions, 982 (B. B« ) 
Intriperitonc il adhesions Miih lieparin, 
experimental pretention of 
(la-hm in nnd Boys), 230 
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Intrathoracic csopliagojejunostoiny for 
total gastrectomy wUli lower 
esopliagectomy for carcinoma 
(Meyer). 115 

goiter, operative tecliniquo for, with 
niaintonanco of airway (Prio- 
lean), 742 

Iro-osmoHc plasma in normal and de- 
hydrated dogs in .shock, con- 
centrated serum in contrast to 
(Levinson et al.), 878 

Italian method of plastic repair of de- 
nuded areas followed by mer- 
maid cast imniobiliaation 
(Murphy), 294 

.1 

.Jaundice, familial hemolvtic (McLaugh- 
lin), 419 

obstructive, adult with, anomalj' of 
bile duets in (Ifiomeier), 5S4 

palliative operation for; drainage of 
exteriorired liver (external hep- 
atostomy), (B.abeock), 925 

Joint, hip, posterior aspect of, and le- 
sions of upper sciatic nerve, 
surgical approach to (Xaffziger 
and Korcross), 929 

.Tuice, gastric, gastric secretory depres- 
sant in (Brunsehwig et al.), 887 

L 

Lahev Clinic, surgical practice of, 083 
(B. Eev.) 

Laminae, removed, extensive laminec- 
tomv with replacement of 
(Crawford), 482 

Laminectomy, extensive, with replace- 
ment of removed laminae 
(Crawford), 482 

Larynx, injuries of, and diseases, 838 
(B. Eev.) 

Lateral and posterior incisions, short, 
thoracoplasty through (Wylie 
et ah), 08 

Latex mask, cosmetic correction with; 

extensive mutilating facial de- 
fect (Brown), 957 

Leg lengthening versus leg sliortening 
(Phalen and Chatterton), 708 

Lesions, malignant, in resection of, end- 
to-end iieocolostoray (Mayo 
and Scldicke), 716 

of upper sciatic nerve and posterior 
aspect of hip joint, surgical ap- 
proach to (Katfziger and Kor- 
cross), 929 

Ligament, Cooper’s, utilization of, opera- 
tion for inguinal hernia based 
upon (Keuhof), 128 

Lignti’’" of patent ductus arteriosus 
fHumplirey.s), 841; (Kixon), 


Ligation — Cont ’d 

surgical, of patent ductus arteriosus, 
modified technique of (Tour- 
otf), 24 

Liver changes in ht'perlhyroidism (kle- 
Iver), C54 

e.vteriorized (c.xtornal hepatostomy), 
drainage of (B.abeock), 925 
function, physiologj- of plasma pro- 
thrombin and its relation to 
(Andrus and Lord), SOI 
surgical cx'cision of primary tumor of 
(baTmarto7na) in infant .seven 
month.s old with recovery (Ben- 
•son and Penbertliy), SSI 
Lobeefomy and plasma infusion, pul- 
monary edema following (Gib- 
bon, Jr., and Gibbon), 094 
Loop, potential closed duodenal, in gas- 
tric resection (Ljain et ah). 500 
Low blood pressure in capillary perme- 
ability and infiammation in skin 
of rabbits (Eigdon et al.), 302 
Lung, concussion of (King), 415 
Lymph, flow of, from burned tissue, with 
reference to fibrin formation 
upon lymph drainage and com- 
position (Glenn et al.), 085 
Lymphatic metatases, regional, of car- 
cinoma of gastrointestinal tract 
(Kay), 553 

M 

Mask, latex, cosmetic correction with; 

I extensive raultilating facial de- 

j feet (Brown), 9.57 

I Mastectomy, Halsted radical (Hoopes 
and McGraw), 892 

MeVay herniotomy (Harkins et ah), 364 
Medical and Surgie.al Belief Committee 
of America, activity of, 963 
progress annual 1940, 160 (B. Eev.) 
Meetings, review of recent, 509, 671, 679, 
828, 831 

Menadione, level of plasma prothrombin 
and its response to; relation to 
liver function (Andrus and 
Lord), 817 

Meningocercbral adhesions (Pudenz and 
Odom), 318 

Mermaid cast immobilization, Italian 
method of plastic repair of de- 
nuded areas followed by 
(Murphy), 294 

Metastases, regional lymphatic, of car- 
cinoma of gastrointestinal tract 
(Kay), 553 

Method, double tube, for drainage and 
feeding follotving gastric re- 
section or gastroenterostomy 
(Mersheimer), 563 
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ATctliod — Cont 'd 

Italian, of plaatic lepair of denuded 
areas followed by mermaid cast 
immobilization- (Murphy), 294 

nonsuture, of bridging arterial de- 
fects; severed primary artery 
in war wounded (Blakemorc et 
al.), 488 

questionnaire, for standardization 
(Cutler), '902 (JE) 

simplified, for formation of artificial 
vagina by split skin graft 
(Owens), 130 

Morbidity accompanying the therapy of 
pain; cost of comfort (Waters 
and Hawk), 450 

Motility and ^stric tonus, anesthetics 
in, with special reference to 
acute gastric dilatation (John- 
son and Mann), 599 

Muscle, transversalis, preservation of, in | 
gas gangrene of trunk (Lyons), 
952 

N 

Nasal bridge line, elevation of (Mac- 
Collum), 97 

Nerve, sciatic, lesions of upper, and 
posterior aspect of hip joint, 
surgical approacli to (Naffziger 
and Norcross), 929 

Neuro-anatomy, textbook of, 0S3 (15. 
Sev.) 

Neurosurgery, tantalum clips for hemo- 
stasis in (Pudenz), 791 

1941 yearbook of general surgery, 521 
{B. Bev.} 

Nitrous oxide anesthesia, nonasphj-xial 
(McQuiston and Cullen), 459 

Nonasplij-xial nitrous oxide anesthesia 
(McQuiston and Cullen), 459 

Nonsuture method of bridging arterial 
defects; severed primary artery 
in war wounded (Blakemore et 
ah), 488 


Operation — Cont ’d 

for inguinal hernia based upon utiliza- 
tion of Cooper’s ligament (Neu- 
hof), 128 

modified Whipple, for carcinoma of 
head of pancreas (Dennis), 201 
one-stage Whipple, resection with head 
of pancreas; primary sarcoma 
of duodenum (Bi.sgard and 
Cochran), 388 

palliative, for jaundice; drainage of 
exteriorized liver (external hep- 
atostomy), (Bahcock), 925 
radical, in cancer of rectum, contrain- 
dications for (David and Gil- 
christ), 310 

reconstruction, for large midline in- 
cisional hernia (Ru.sh and 
Rush), 133 

Operative field, maintaining sterility of, 
new skin varnish for (Ecker), 
631 

surgery, 683 {B. Bev.) 
technique for intrathoracic goiter with 
maintenance of airway (Prio- 
leau), 742 

Osteomyelitis, sternal, acute costal chon- 
dritis associated with (Siler), 
407 

P 

Pain, therapy of, morbidity accompany- 
ing; cost of comfort (Waters 
and Hawk), 450 

Pancreas, carcinoma of head of, modi- 
fied Wliipple operation for 
(Dennis), 201 

resection with head of, by one^stage 
iniipple operation; primary 
sarcoma of duodenum (Bisgard 
and Cochran), 388 

Paralysis, postoperative (“ane.stlict- 
ic”), of brachial plexus (Clau- 
sen), 933 

Patent ductus arteriosus, ligation of 
(Humphreys), 841; (Ni.von), 


bstetrics and gynecologj-, cotton su- 
ture material and early ambula- 
tion in (Nelson and Collms), 
109 

gastrointestinal tract (Abbott 

(-s- 

Jtemeu™ I. (Kiennim), 

(Wangensteen), i 


31 

modified technique of .surgical li- 
gation of (Touroff), 24 

Pathologj', .siTiopsis of, 98.3 (B. Bcr.) 

Pediatric gj-nccologj-, (>S4 (B. Bcv.) 

Pedicle skin graft.s in correction of 
cicatrieiai anal .stcno.si.s (Cole 
.and Greeley), 349 

Penis and .scrotum, rccon.struction for 
traumatic denudation of 
(Owens), 88 

Pentobarbital sodium and ether tines- 
thcsifi, slioc-k in control and 
splenecfoniizcd animal.s under 
(Ivendrick and Uihletn), 76 

Peptic ulcer, bleeding (Thorsind), OiU 
subtotal gastric re.scction for (Mil- 
ler), 383 
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Pentlijrou1ih“, role of, in Eiedel’o 
'■tninia (Do Courcy), 756 

Peritoneal respon'-e to locallj implanted 
cristalhne '.ulfonnmule com 
pound-! (Throckmorton), 906 

Peritoneum, contamination of (Lehman), 
315 (P) 

Permcabihtj, capillarj, and inflamma 
tion in low blood pressure in 
skin of rabbits (Eigdon ct al ). 
302 

Phlcbographj , application of, to tlier 
ap\ of thrombosis and embolism 
(IVelch et al ), 163 

Physical factors concerned in inflamma 
tion, hydrostatic and physio 
chemical forces in establishment 
of certain equilibria (Beilis), 
251 

Physicochemical and hydrostatic forces 
in establishment of certain equi 
libria , phy sical factors con 
cerned in inflammation (Beilis), 
251 

Physiology of plasma piothrombin and 
its relation to liver function 
(Andrus and Lord), 801 
surgical, 838 (B. Bei ) 

Pilonidal cysts, surgical treatment of 
(Van klstyne), 782 

Plasma infusion and lobectomy, pulnion 
ary edema following (Gibbon, 
Jr, and Gibbon), 694 1 

iso osmotic, concentrated serum in con 
trast to, upon normal and de 
hydrated dogs in shock (Levin 
son et al ), 878 

protein solutions, therapy of shock in 
experimental animals with 
(Muirhead et al ), 14 
piothrombin, physiology of, and its re 
lation to liver function ( -Vndrus 
and Lord), 801 

Plastic repair of denuded areas, Itaban 
method of, followed by mer 
maid east imraobiliration 
(Murphy), 294 
Platybasia (Steiens), 943 
Plexus, brachial, postoperatii e (“an 
esthetic”) paralisis of (Clan 
sen), 933 

Poll ' in' 1 alcohol films, effect of, on 
meningocerebral adhesions (Pa 
denz and Odom), 318 
Posterior and lateral incisions, short, 
thoracoplast' through (Wvlie 
et al ), 68 e ' - 

Postoperatue (“anesthetic”) paraHsis 
of brachial plexus (Clausen), 
933 '■ 

thrombophlebitis and embolism 
(Barker and Pnestley), 411 


Pouch, py loro antral, metliod of closing, 
in antral exclusion operation 
(IVnngenstcen), 731 

Pregnane', elinical roentgenology of, 
521 (B Bn.) 

Pregnant uterus, traumatic rupture of 
(IVoodliull), 615 

Primary artery, so'cred, in "ar uound 
ed: nonsuture method of bridg 
ing arterial defects (Blakemore 
et al ) , 488 

Protein solutions, plasma, tlierap' of. 

shock in experimental animals 
"itli (Muirhead ct al ), 14 

Prothrombin, plasma, physiology of, and 
its relation to lixer function 
(Andrus and Lord), 801 

Psychosurgery, 161 (B Bei.) 

Pulmonary edema folio" ing lobectomy 
and plasma infusion (Gibbon, 
Jr, and Gibbon), 694 
embolism, bronchial factor in (Jesser 
and de Takats), 541 

Pyloro antral pouch, method of closing 
m antral exclusion operation 
(Wangensteen), 731 

Q 

Questionnaire method for standardly 
tion (Cutler), 902 (E) 

R 

Reconstruction for traumatic denudation 
of penis and scrotum (Onens), 
88 

operation for large midline incisional 
hernia (Rush and Rush), 133 

Rectal re«ector, double loop, and biopsy 
forceps (Turell), 729 

Rectum, radical operation in cancer of, 
contraindications for (Dax id 
and Gilchrist), 310 

Renal blood flo", effect of sympathee 
tomy on, in essential hyperten 
Sion (Findley et al ),' 64 
response to hypertonic sucrose solu 
tions (Feher et al), 705 

Resection, gastiic, for duodenal ulcer, 
management of duodenum in 
(3Yilson), 390 

or gastroenterostomy, double tube 
metbod , 

ing 
563 

potential closed duodenal loop in 
(Lynn et al ), 566 

of right portion of colon; end to end 
neocolostomx (Max o and 
Schlicke), 716 

subtotal gastric, for peptic ulcer (JIil 
ler), 383 ^ 

XX ith head of pancreas by one stage 
IVlupple operation' primary 
sarcoma of duodenum (Bisgard 
and Cochran), 388 
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Ifcsector, (loitMo loop roetal, and 
opay forceps ('riirel!), 72!> 
Kesimnsc, peritoneal, to loeally iniplantcd 
eryslnlline .'•iilfonaniido com- 
pounds (Throelnnorton), 906 
roiini, to Jsypcrfonifi siicrosc solutions 
(Fohcr ef a!.), 705 

IJesuscitatioii in advanced asplij’xia 
(Thompson ct al.), 2S4 
Kiedcl’s stnima, nctv theory coneerDing 
etiology of (Dc Courcy), 754 
Roentgen treatment of injections, S37 
(B. Jirv.) 

Roentgenologv, elinieal, of pregnancy, 
523 (V. JiVr.) 

Rupture, traumatic, of pregnant uterus 
(Woodliull), 615 


S 

Sarcoma, piimnry, of (luo(lenii7n, resec- 
tion with head of pancreas by 
one-stag'o IVhipplo operation 
(Bisgard and Cochran), 3SS 
Sciatic nerve, upper, lesions of, and pos- 
terior aspect of hip joint, sur- 
gical approach to (Naffaiger 
and Norcross), 929 

Scrotum and penis, reconstruction for 
traumatic denudation of 
(Owens), 88 

Secretory depressant, gastiic, in gastric 
juice (Brunschwig et at.), 887 
Serum, concentrated, in contrast to iso 
osmotic plasma upon normal 
and dehydrated dogs in shock 
(Levinson et al.), 878 
Shock and hemorrhage, adrenal cortical 
hormones in (Pine et al.), 3 
in control and .splenectomized animals 
under ether and pentobarbital 
sodium anesthesia (Kendrick 
and Uihlein), 76 

its effect on capillary bed (Boot and 
Mann), 861 

normal and dehydrated _ dogs m, eon- 
centrated serum m contrast to 
iso^osKiotic plasma upon (Lenn- 

son et .animals 

therapy .^, solutions 

(Muirhead et al), 

ijY (Owens), 1S9 

..rafting S3® ^®i/coirccf ion of cica- 

S-«%rlMfanal 

Greeley), 349 5^^ in c.apil- 

„{ rabbits, low ^nd mflamma- 

lary pei«'«='T-,rnn 302 
iou in 


Skin — Cont’d 

vami.sii, iioiv, for maintaining sterility 
of operative field (Ecker), 631 
Sodium chloride replacement (Power ct 
a!.), 438 

pentobarbital, and ether anesthesia. 
shock in control and splenec- 
tojnized animals under (Ken- 
drick and Uililein), 76 
floiutions, hypertonic sucrose, renal re- 
sponse to (Feher et al.), 705 
plasma protein, therapy of shook in e.v- 
periinental animals with (Muir- 
head ct al.), 14 

Splenectomizcd and control animals, 
.shock in, under ether and pento- 
barbital sodium anesthe.sia 
(Kendrick and Uihlein), 76 
Sprains, fractures, and dislocations, man- 
agement of. 837 (JB. Rea.) 
Standardization, questionnaire method 
for (Cutler), 902 (E) 
Staphylococcus infections, therapy in 
(Bigdon and Stookey), 635 
Stenosis, cicatricial anal, pedicle skin 
grafts in correction of (Cole 
and Greeley), 349 

Sterility of operative field, new skin 
varnish for maintaining (Bek- 
er), 631 

Sternal osteomyelitis, acute costal chon- 
dritis associated with (Siler), 
407 

Stomach, benign tumors of (Pinesilver), 
216 

carcinoid tumors of (Lemmer), 378 
carcinoma and other malignant lesions 
of, 838 (B. Bev.) 

Stone, common duct, missed at operation, 
treatment of (Morton), 591 
Struma, Riedel's, new theory concerning 
etiology of (De Courcy), 754 
Stump, duodenal, in gastric resections 
(McNeaiy), 207 

Subdural air (IVoods and Kahn), 471 
.Sucrose solutions, hypertonic renal re- 
sponse to (Pcher ct al.), 705 
Sulfadiazine and sulfanilamide, thcr 
apeutic blood levels of, in 
wound healing (Eintel et a!.), 

242 

Suifaguanidinc, sulfanilamide, and sulfa- 
thiazole, comparative blood con- 
centrations of, after administra- 
tion oially, peritoncnlly, and 
pleurally to dogs (Ambrose and 
Haag), 919 

Sulfanilamide and sulfadiazine, tber- 
npoutic blood levels of, in 
wound healing (Kinte! ct al.). 

242 

snlfaguanidine, and suifathmzolc, com- 
parative blood concentrations 
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Sulfanilamide — Cont ’d 

of, after admini<-tration orall>, 
penfoncallj, and pleurallj to 
dog'i (Ambrose and Haag), 1)19 
Sulfatlii izole, sulfagnanuline, and ';ulfa 
nilanude, coinparntirc Wood 
conccntrationc of, after admm 
I'ltration oralh , poritonealh , 
and pleuralh to dog*! (Ambro'Jo 
and Haag), 919 

Sulfonamide compounds, locallj ini 
planted erj 'italline, peritone il 
response to (Throckmorton), 
900 

Sulfonamides, m treatment of compound 
fractures (Hitclicll), 403 
Surgerj, operatiTe, 0S3 (B Het ) 
textbook of, 984 (B. Bet.) 

Surgical approach to lesions of upper 
sciatic nene and posterior as 
pect of hip joint (XatTziger and 
Norcross), 929 

patients, nater and electrohte balance 
in (Coller), 192 
pliysiologj, 838 (B Bet ) 
practice of tlie Lahej Clinic, 083 (B 
Bei ) 

treatment of pilonidal cists (Van A1 
stj-ne), 782 

Suture material, cotton, and earh anibu 
lation in gj-necologj and obstet 
ncs (Kelson and Collins), 109 
Sj mpathetomy, effect of, on renal blood 
flow m essential Inpertcnsion 
(Pindlej et al ), 04 
Smopsis of pathologj, 983 (B Bet ) 


T 


Tantalum clips for liemosta'is m neuro 
surgerj (Pudenz), 791 
foil, effect of, on menmgocerebral ad 
liesions (Pudenz and Odom), 
318 

Temporal arterj, aneurjsm of (Brown 
and Melmcrt), 711 

Test, cephalm cholesterol flocculation, re 
lation to Iner function (Andrus 
and Lord), 817 

galactose tolerance, relation to livei 
function (Andrus and Lord) 


Textbook of surgerj, 984 (B Belt) 
Therapj in staphj lococous infections 
(Eigdon and Stookej), 935 
of pain, morbidity aceompanvmg cost 
of comfort (Waters and Hawk), 


of shock in expenraental animals mth 
plasma protein solutions (Sluir 
head et al ), 14 

of thrombosis and embolism, applica 

oHif, 


Thoi.icoplasty tliroiigli sliort lateral and 
posterior incisions (M'jlio ct 
ak), (58 

Throniboplilebif IS and embolism, postop 
erntne (Barker and Pnostloi), 
411 

Thiombosis and embolism, fherapj of, 
application of phlcbograplij to 
(IVclcb ct al ), 1()3 
of axillarj lein (Kaplan), 3S4 

Tlnroid gland, diseases of, 839 (B. 

Bcii ) 

Tissue, burned, flow of Ijmph from, nith 
reference to fibrin formation 
upon Ij-niph drainage and com- 
position (Glenn ct al.), CSo 

Tissues, various body, rate of absorp 
tion from (Sliumacker), 8) 

Tonus, gastric and motility mth special 
reference to acute gastric dila 
tation, anesthetics in (Johnson 
and Mann), 599 

Topical application of seieral substances 
on bcabng of experimental cu 
taneous uounds (Brush and 
Lam), 335 

Tract, gastrointestinal, bodj fluid stud 
les in experimental obstruction 
at lanous lei els of (Abbott and 
Mollors), 445 

carcinoma of, regional Ijmpliatic 
metastases of (Kaj),‘553 

Transi ersalis muscle, preservation of, 
in gas gangrene of trunk 
(Lions), 952 

Traumatic rupture of pregnant uterus 
(AVoodliull), 615 

Treatment of acute appendicitis in ehil 
dren as influenced bj clienio 
therapj (Wattenberg and Hein 
becker), 576 

of bums (Penberthi), 345 
of compound fractuies, sulfonamides 
m (Mitchell), 403 

surgical, of pilonidal cjsts (Van 4.) 
stj-ne), 782 

Trunk, gas gangrene of, preseriation of 
transiersalis muscle in (Lions), 


Tumor of liier, pnmarj, surgical ex 
cision of (hainiartoma) in in 
fant seien months old 111th re 
eoieo (Benson and Pen 
berthj), 881 

Tumors, benign, of stomach (Pinesilrei ) 
216 •' ’ 


carcinoid, of stomach (Lemmer), 378 
Tj-phoid carriers, chronic biliarv (Coller 
and Crabtree), 426 


U 

Ulcer, bleeding peptic, problem of 
(Thorstad), 964 
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Ulcer — Cont ’i1 

tliiodenal, nianiigonient of duodenum 
in gastric resection for (Wil- 
son), 390 

peptic, subtotal gastric resection for 
(Miller), 3S3 

Ulceration, acute perforated gastrodu- 
odenal (DoBakc.v), 79S {E) 

Ulna, anterior dislocation of, distal ex- 
tremity of (Cox), 41 

Uremic doatii, cnisli and compression in- 
juries rvitli (Moliardt), lol 

Uterus, pregnant, traumatic rupture of 
(AVoodhull), 635 

y 

A’^ngina, artificial, simplified method for 
formation of, by split skin 
graft (Owens), 139 

A'^nraisb, new skin, for maintaining ster- 
ility of operative field (Eeker), 
631 

Vein, axillary, thrombosis of (Kaplan), 
184 

Vitamin K, relation to liver function 
(Andrus and Lord), 820 


W 

War wounded, severed primary artery in ; 
nonsuture method of bridging 
arterial defects (Blakemore et 
ah), 488 

AVater and electrolyte balance in surgical 
patients (Ooller), 192 
AA'iiipple operation, modified, for car- 
cinoma of head of pancreas 
(Dennis), 201 

one-stage, resection with head of 
pancreas by; primary sarcoma 
of duodenum (Bisgard and 
Cochran), 388 

AA'iring fixations, internal, of facial frac- 
tures (Adams), 523 

AA'ound healing, therapeutic blood levels 
of sulfanilamide and sulfadi- 
azine on (Zintel et ah), 242 

AA'ounded, war, severed primary artery 
in; nonsuture nietliod of bridg- 
ing arterial defects (Blakemore 
et ah), 488 

AA'ounds and fractures, 840 (B, Beu.) 
experimental cutaneous, topical appli- 
cation of several substances on 
healing of (Brusli and Lam), 
355 
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